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INTRODUCTION. 


'Life  1$  a  power  soperaddrd  lo  mane  r :  organir-iiion  arises 
from,  and  depends  on,  life,  iind  ia  (he  condition  of  viml  iictJon  ; 
but  life  never  can  arise  out  of.  or  depend  on,  organiiation." — 
John  Huntek. 

LiviXG  matter,  whether  it  is  studied  in  plants  or  in  animals, 
has  certain  pectiUaritics  of  chemical  composition  and  struc- 
ture, but  especially  certain  peculiarities  of  action  or  function 
which  mark  it  off  from  the  unorganized  material  of  the  dead 
world  around  it. 

Chemical  Composition  of  Living  Matter.— ^Although  we  cannot 
analyze  the  living  substance  as  such,  we  can  to  a  certain, 
but  limited,  extent  reconstruct  it,  so  to  speak,  from  its  ruins. 
When  subjected  to  analytical  processes,  which  necessarily 
kill  it,  living  matter  invariably  yields  bodies  of  the  class  of 
protciiU,  which  have  approximately  the  following  composition: 
Carbon,  5i'5  to  54*5  per  cent. ;  oxygen,  20  to  23*5  per 
cent.;  nitrogen,  15  to  17  per  cent.;  hydrogen,  6*9  to  7*3 
per  cent.,  with  small  quantities  of  sulphur  and  generally  of 
phosphorus.  Certain  carbo-hydrates,  composed  of  carbon, 
hydrogen,  and  oxygen  (the  last  two  in  the  proportions 
necessary  to  form  water),  of  which  glycogen  (CoHmO:,)  may 
be  taken  as  a  type,  appear  also  to  be  always  present.  Fais^ 
which  consist  of  carbon,  hydrogen,  and  oxygen,  and  of 
which  tristearin,  a  compound  of  stearic  acid  with  glycerine, 
of  the  formula  C,H.i,  jCCigH^Oj),  may  be  given  as  an 
example,  are  often,  but  perhaps  not  always,  found.  Finally, 
water  and  certain  inorganic  salts,  such  as  sodium  chloride, 
are  constantly  present. 


It 


mTRODUCTTOy. 


structure  of  laving  Matter — The  Cell.— The  invcsligalions  of  the 
last  few  years  have  shown  that  protoplasm,  the  primitive  hving 
substance,  when  examined  with  sufficiently  high  powers,  is  by  no 
means  the  *  homogeneous*  structureless  material '  it  was  at  one  time 
believed  to  be.  It  is  rather  a  substance  of  porous  or  reticulated 
structure,  a  spongework  or  network,  holding  a  fluid  in  its  meshes. 
And  in  all  probability  the  network  is  the  true  living  machinery,  the 
liquid  in  its  interstices  being  perhaps  pabulum,  from  which  the  waste 
of  the  living  framework  is  made  good,  or  material  upon  which  it 
works,  and  which  it  is  its  business  to  transform.  So  that  in  building 
up  our  typical  cell  we  start  with  a  piece  of  protoplasm  of  reticular 
structure,  the  network  in  which  is  called  the  intracellular  network. 
Somewhere  in  the  midst  of  this  cellsubsiance  we  find  a  body  which, 
if  not  absolutely  different  in  kind  from  the  protoplasm  of  the  cell,  is 
yet  marked  off  from  it  by  very  definite  morphological  and  chemical 
characters.  This  is  the  nucleus,  generally  of  round  or  oval  shape,  and 
bounded  by  an  envelope.  Within  the  envelope  lies  a  second  network, 
which,  when  the  nucleus  is  about  to  divide  in  the  manner  known  as 
indirect  division,  or  kaiyokinesis,  becomes  converted  into  one  or  more 
coiled  filaments  or  skeins.  Ffoth  the  network  and  the  filaments  are 
made  up  of  rows  of  highly  refractive  particles,  embedded  in  a  homo- 
geneous matrix.  These  particles  possess  the  property  of  staining 
readily  and  deeply  with  dyes,  and  have,  therefore,  been  described  as 
consisting  of  chromatin  :  and  there  is  a  certain  amount  of  evidence 
that  this  chromatin  is  either  identical  with  nuclein  (a  body  con- 
taining the  same  elements  as  proteids,  but  a  much  larger  proportion 
of  phosphorus),  or  yields  nuclein  by  its  decomposition  (Zacharias). 
The  meshes  of  the  nuclear  reticulum  contain  a  scmi-Huid  material, 
which  does  not  readily  stain. 

When  we  carr^*  back  the  analysis  of  an  organized  body  as 
far  as  we  can,  we  find  that  every  organ  of  it  is  made  up  of 
cells,  which  upon  the  whole  conform  to  the  type  we  have 
been  describing,  althotjgh  there  are  many  differences  in 
details.  Some  organisms  there  are,  low  down  in  the  scale, 
whose  whole  activity  is  confined  within  the  narrow  limits  of 
a  single  cell.  The  Amoeba  sets  up  in  life  as  a  cell  split  off 
from  its  parent.  It  divides  in  its  turn,  and  each  half  is  a 
complete  Amoeba.  When  we  come  a  little  higher  than  the 
Amoeba,  we  find  organisms  which  consist  of  several  cells, 
and  *  specialization  of  function  *  begins  to  appear.  Thus 
the  Hydra,  the  '  common  fresh-water  Polyp '  of  our  ponds 
and  marshes,  has  an  outer  set  of  cells,  the  ectoderm,  and  an 
inner  set,  the  endoderm.  Through  the  superficial  portions 
of  the  former  it  learns  what  is  going  on  in  the  world ;  by 
the  contraction  of  their  deeply-placed  processes  it  shapes  its 


INTRODVCTIOK 


»3 


life  to  its  environment.  As  we  mount  in  the  animal  scale, 
tpectalization  of  structure  and  of  function  are  found  con- 
UDoally  advancing,  and  the  various  kinds  of  cells  are 
grouped  together  into  colonies  or  organs. 

Tke  Fnnctiona  of  Living  Matter. — The  peculiar  ftmciion$  of 
living  matter  as  exhibited  in  the  animal  body  will  form 
the  subject  of  the  main  portion  of  this  book ;  and  we 
need  only  say  here  (i)  that  in  all  living  organisms  chemical 
ihm^ges  go  on.  These  may  be  divided  into  (a)  integrative  or 
anabolic  changes,  by  which  complex  substances  (including 
the  living  matter  itself)  are  built  up  from  simpler  materials  ; 
and  (b)  disintegrative  or  katabolic  changes,  in  which  complex 
substances  (including  the  living  substance)  are  broken  down 
nto  comparatively  simple  products.  In  the  course  of  these 
changes,  o.xygen  is  absorbed  and  carbonic  acid  given  out 
{2)  The  living  substance  is  excitabU^ih^t  is,  responds  to 
certain  external  impressions,  or  stimuliy  by  actions  peculiar 
to  each  kind  of  cell.  (3)  The  living  substance  reproduces 
itself.  All  the  manifold  activities  included  under  these  three 
heads  have  but  one  source,  the  transformation  of  the  energy 
of  the  food.  It  is  not,  however,  upon  the  whole,  peculiarities 
in  food,  but  in  molecular  structure,  that  underlie  the  peculi- 
arities of  function  of  different  living  cells.  A  locomotive  is 
fed  with  coal ;  a  steam-pump  is  fed  with  coaL  The  one 
carries  the  mail,  and  the  other  keeps  a  mine  from  being 
flooded.  Wherein  lies  the  difference  of  action  ?  Clearly  in 
the  build,  the  structure  of  the  mechanism,  which  determines 
the  manner  in  which  energy  shall  be  transformed  within  it, 
not  in  any  difference  in  the  source  of  the  energy.  So  one 
animal  cell,  when  it  is  stimulated,  shortens  or  contracts; 
another,  fed  perhaps  with  the  same  food,  selects  certain 
coostitnents  from  the  blood  or  lymph  and  passes  them 
through  its  substance,  changing  them,  it  may  be,  on  the 
way ;  and  a  third  sets  up  impulses  which,  when  transmitted 
to  the  other  two,  initiate  the  contraction  or  secretion.  In  the 
Living  body  the  cell  is  the  machine ;  the  transformation  of 
the  energy  of  the  food  is  the  process  which  *  runs '  it.  The 
stracture  of  cells  and  the  steps  by  which  cnergj'  is  trans- 
formed within  them  sum  up  the  whole  of  biology. 
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PRACTICAT.  EXERCISES. 
Eeactions  of  Proteids. 


I.  General  BoactioDS  of  Proteids. —Egg-albumin  may  be  taken  ns 
a  type.  Prepare  a  solution  of  it.  In  breaking  the  egg,  take  care  that 
none  of  the  yolk  gets  mixed  with  tht-  white.  Snip  the  white  up  with 
scissors  in  a  large  capsule,  then  add  ten  or  fifteen  times  its  volume  of 
distiUe<l  water.  The  soUilion  becomes  turbid  from  the  precipitation 
of  traces  of  globulin,  since  globulins  are  insoluble  in  distilled  water. 
Stir  thoroughly,  strain  through  several  layers  of  muslin,  and  then 
filter  through  paper. 

{i)  Add  to  a  little  of  the  solution  in  a  icsttube  a  few  drops  of 
strong  nitric  acid.  A  precipitate  is  thrown  down,  which  becomes 
yellow  on  healing.  Cool,  and  add  a  drop  or  two  of  ammonia ;  the 
colour  changes  to  orange  {xaniho-proteic  reaction). 

(s)  Acidify  another  portion  strongly  with  acetic  acid,  and  add  a 
few  drops  of  a  solution  of  potassium  ferrocyanide.  A  white  precipitate 
is  obtained.     Peptones  do  not  give  this  reaction. 

(3)  To  a  third  portion  add  a  drop  or  two  of  very  diiuie  cupric 
sulphate  and  excess  of  sodium  hydrate;  a  violet  colour  appears. 
Feplones  nnd  proteoses  (albumt>ses)  give  a  pink  {biunt  nacU'on). 
See  p.  335. 

(4)  To  another  portion  add  Millon's  reagent ;  a  precipitate  comes 
down  which  is  turned  reddish  on  boiling.  If  only  traces  of  proteid 
are  present,  no  precipitate  is  caused,  but  the  liquid  takes  on  a  red 
tinge. 

(5)  Heat  a  portion  to  30'  C  on  a  water-hath.  Saturate  with 
crystals  of  ammonium  sulphate ;  the  albumin  is  precipitated.  Filter, 
and  test  the  filtrate  for  proteids  by  (3).  None,  or  only  slight  traces, 
will  be  found.  The  sodium  hydrate  must  be  added  in  more  than 
sufficient  quantity  to  drive  off  all  the  ammonia,  since  fur  reaction  (3) 
free  alkali  must  be  present.  It  will  be  best  to  add  a  small  piece  of 
the  solid  hydrate.  Peptones  are  not  precipitated  by  ammonium 
sulphate,  but  all  other  proteids  are. 

2.  Special  Reactions  of  Groups  of  Proteids  (1)  Coaffalable  Pro- 
teids 1  {a)  Native  Albumina.~(rt)  Heat  a  little  of  the  solution  of 
egg-aihumin  in  a  test-tube  ;  it  coagulates.  With  another  sample 
determine  the  temperature  of  coagulation  as  on  p.  551,  first  slightly 
acidulating  with  dilute  acetic  acid. 

(f?)  A  similar  experiment  may  be  performed  with  strum-albumin^ 
obtained  as  on  p.  47. 

{b)  OlobaluiB. — Use  semm-ghbuHn  (p.  47),  or  myosin  (p.  551). 
Fibrinof^tn  is  also  a  globulin,  but  cannot  easily  be  obtained  in 
quantity.     \'erify  the  following  properties  of  globulins : 

(o)  They  coagul.nte  on  heating. 

(i3)  They  are  insoluble  in  distilled  water  (p.  552). 

{y)  1'hey  are  precipitated  by  saturation  with  magnesium  sulphate 
or  sodium  chloride  (p.  553)^ 
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(j)  Derived  Albumins — {a)  Acid-albumin. — To  a  solution  of  egg- 
albumin  add  a  little  z  per  cent,  hydrochloric  acid,  and  heat  to  body 
temperature  for  a  few  minutes.  Acid-albumin  is  formed.  It  can 
be  produced  from  all  albumins  and  globulins  by  the  action  of  dilute 
acid     Make  the  following  tests : 

(a)  Add  to  a  portion  of  the  solution  in  a  test-tube  a  few  drops  of 
a  solution  of  litmus ;  the  colour  becomes  red.  Now  add  drop  by 
drop  sodium  carbonate  or  dilute  sodium  hydrate  solution  till  the 
lint  just  begins  to  change  to  blue.  A  precipitate  of  acid-albumin  is 
throwti  down.  Add  a  little  more  of  the  alkali,  and  the  precipitate  is 
redissolved.    It  can  be  again  brought  down  by  neutralizing  with  add. 

i^i)  Heat  a  portion  of  the  solution  to  boiling;  no  precipitate  Is 
formed. 

(>)  Add  strong  nitric  acid  ;  a  precipitate  appears,  which  dissolves 
on  heating,  and  the  liquid  becomes  yellow. 

{b)  Alkaliaiintmitt. — To  a  solution  of  egg-albumin  add  a  little 
sodium  hydrate,  and  heat  gently  for  a  few  minutes.  Alkali-albumin 
is  produced.  It  can  also  Ijc  derived  by  similar  treatment  from  any 
albumin  or  globulin. 

fa)  Neutralize  as  in  {a),  by  the  addition  of  dilute  hydrochloric  or 
acetic  acid.  Alkali-albumin  is  precipitated  when  neutralization  has 
been  reached.     It  is  redissolved  l^excess  of  the  acid. 

(/?)  On  heating  the  solution  of  alkali-albumin  there  is  no  coagulation. 

(3)  Albomoses. — For  preparation  and  reactions  sec  p.  325.  They 
differ  from  group  (i)  in  not  being  coagulated  by  heat,  and  from 
gTX)up  {2)  in  not  being  precipitated  by  neutralization.  They  arc 
soluble,  with  the  exception  of  hetcro-albumose,  in  distilled  water,  and 
arc  not  precipitated  by  saturation  of  their  solutions  with  magnesium 
sulphate  or  sodium  chloride.  Saturation  with  ammonium  sulpl\ate 
precipitates  them  (p.  323). 

(4)  Peptones. — Kor  preparation  and  tests  see  p.  325.  They  differ 
from  groups  <i)  and  (2)  in  the  same  way  as  albumoses,  and  ihey 
differ  from  albumoses  in  not  being  precipitated  by  ammonium 
sulphate. 

(5)  Fibrin. — For  preparation  see  p.  46.  It  gives  the  general 
proieid  reactions,  is  insoluble  in  water,  and  only  slighdy  soluble  in 
dilute  solutions  of  neutral  salts. 


Oaxbo -hydrates. 

J.  Starch. — (i)  Cut  a  slice  from  a  well-washed  potato;  take  a 
scraping  from  it  with  a  knife,  and  examine  with  the  microscope. 
Note  the  starch  granules  with  their  concentric  markings,  using  a 
small  diaphragm.  Run  a  drop  of  dilute  iodine  solution  under  the 
cover-slip,  and  observe  that  the  granules  become  bluish.  Examine 
also  with  a  polarization  microscope.  (2)  Rub  up  a  little  starch  in  a 
morUr  with  cold  water,  then  add  boiling  water  and  stir  thoroughly. 
Decant  into  a  capsule  or  beaker,  and  boil  for  a  few  minutes.  After 
the  liquid  has  cooled,  perform  the  following  experiments ; 
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(a)  Add  a  few  drops  of  iodine  solution  to  a  little  of  the  ihin  starch 
mucilage  in  a  test-tube.  A  blue  colour  is  produced,  which  disappears 
on  heating,  returns  on  cooling,  is  bleached  by  the  addition  of  a  httle 
sodium  hydrate,  and  restored  by  dilute  acid. 

{b)  Test  the  starch  solution  for  reducing  sugar  by  Tromnier^s 
test  (p.  333).  If  none  is  found,  boil  some  of  the  mucilage  with  a 
little  dilute  sulphuric  acid  in  a  flask  for  a  few  minutes,  and  again 
perform  Trommer's  test.  Abundance  of  reducing  sugar  will  now  be 
present 

2.  Dextrin-^Dissolve  some  dextrin  in  boiling  water.  Cool.  Add 
iodine  solution  to  a  iwrlion ;  a  reddish-brown  (port-wine)  colour 
results.     This  is  bleached  by  alkali,  restored  by  acid. 

3.  Glycogen. — See  p.  453. 

4.  Glucose  or  Dextrose. — See  p.  370. 

5.  Cane  su^ar. — iVrformTrommer'stcstwithasampleofa  solution. 
No  reaction  is  obtained.  Now  put  the  rest  of  the  solution  in  a  flask. 
Add  i/gih  of  its  bulk  of  strong  hydrochloric  acid,  and  boil  for  a  short 
time.  Again  perform  Trommer's  test.  It  shows  that  much  reducing 
sugar  is  now  present.  The  cane-sugar  has  been  'inverted,'  *>., 
changed  into  a  mixture  of  dextrose  and  Icvulose. 

Fata  —  Emuhification.  —  Put  in  one  watch  glass  a  few  drops  of 
neutral  (fresh)  oUve-oil,  and  in  another  a  few  drops  of  a  rancid  oil 
containing  fatty  acids.  Add  a  dilute  solution  of  sodium  carbonate 
to  each.  An  emulsion  will  be  formed  in  the  second  watch-glass,  but 
not  in  the  first.  Examine  it  under  the  microscope,  and  note  the 
j;lobules  of  oil  of  various  sizes. 
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CHAPTER   I. 
THE   CIRCULATING  LIQUIDS  OF  THE  BODY. 

Is  the  living  cells  of  the  animal  body  chemical  changes  are 
constantly  going   on ;    energy,   on   the   whole,   is   running 
down  ;  complex  substances  are  being  broken  up  into  simpler 
combinations.     So  long  as  life  lasts,  food  must  be  brought 
to  the  tissues,  and  waste  products  carried  away  from  them. 
In  lowly  forms  like  the   amceba,  these  functions  are  per- 
formed  by  interchange  at  the  surface  of  the  animal  without 
any  special  mechanism  ;  but  in  all  complex  organisms  they 
are  the  business  of  special  liquids,  which  circulate  in  finely 
branching  channels,  and  are  brought  into  close  relation  at 
various  parts  of  their  course  with  absorbing  organs,  with 
eliminating  organs,  and  with  the  tissue  elements  in  general. 
In  the  higher  animals  three  circulating  liquids  have  been 
distinguished :   blood,  lymph,  and  chyle.     But  it  is  to  be 
remarked  that  chyle  is  only  lymph  derived  from  the  walls 
of   the  alimentary   canal,   and  therefore,  during  digestion, 
containing   certain    freshly -absorbed    constituents    of    the 
food  ;  while  both  ordinary  lymph  and  chyle  ultimately  find 
their  way  into  the  bloud,  and  are  in  their  turn   recruited 
from  it.     The  blood  contains  at  one  time  or  another  every- 
thing which   is  about   to  become  part  of  the  tissues,  and 
everything  which   has  ceased   to  belong  to   them.     It  is  at 
once  the  scavenger  and  the  food-provider  of  the  cell.     Hut 
no  bloodvessel  enters  any  cell ;  and  if  we  could  unravel  the 

2 


A  MAXUAL  OF  PIlYSrOLOGY. 

complex  mass  of  tissue  elements  which  essentially  constitute 
what  we  call  an  organ,  we  should  see  a  sheet  of  cellst  with 
capillaries  in  ver>-  close  relation  to  them,  but  everywhere 
separated  from  them  by  a  thin  layer  of  lymph.  And  to 
describe  in  a  word  the  circulation  of  the  food  substances,  we 
may  say  thai  tfie  blood  feeds  the  lymph,  and  the  lymph  feeds  Ike  cell. 

Horpholog^y  of  the  Blood. 

The  blood  consists  essentially  of  a  liquid  part,  the  plasma, 
in  which  are  suspended  cellular  elements,  the  corpuscles. 
When  the  circulation  in  a  frog's  web  or  lung  or  in  the  tail 
of  a  tadpole  is  examined  under  the  microscope,  the  blood- 
vessels are  seen  to  be  crowded  with  oval  bodies — of  a 
yellowish  tinge  in  a  thin  layer,  but  in  thick  layers  crimson — 
which  move  with  varying  velocity,  now  in  single  file,  now 
jostling  each  other  two  or  three  abreast,  as  they  are  borne 
along  in  the  axis  of  an  apparently  scanty  stream  of  trans- 
parent liquid.  Nearer  the  walls  of  the  vessels,  sometimes 
clinging  to  them  for  a  little  and  then  being  washed  away 
again,  may  be  seen,  especially  as  the  blood-flow  slackens,  a 
few  comparatively  small,  round,  colourless  cells.  The  oval 
bodies  arc  the  red  or  coloured  corpuscles ;  the  colourless 
elements  are  the  white  blood -corpuscles  or  leucocytes :  the 
liquid  in  which  they  Hoat  is  the  plasma  ('  Practical  Exercises,* 
p.  142). 

The  Bed  Blood -corpuscles  differ  in  shape  and  sii^e  and  in 
other  respects  in  diJYcrcnt  animal  groups.  In  amphibians, 
such  as  the  frog  and  the  newt,  they  are  flattened  ellipsoids 
containing  a  nucleus,  and  the  same  is  true  of  nearly  all  the 
other  vertebrates,  except  mammals.  In  mammals  they  are 
discs,  hollowed  out  on  both  the  flat  surfaces,  or  biconcave, 
and  possess  no  nucleus.  Hut  the  red  corpuscles  of  the 
llama  and  the  camel,  although  non-nucleated,  are  ellipsoidal 
in  shape  like  those  of  the  lower  vertebrates.  As  to  size,  the 
average  diameter  in  man  is  between  7  and  8  /*.*  In  the 
frog  the  long  diameter  is  about  22  /i»  while  in  Proteus  it  is  as 
much  as  60  /a,  and  in  Amphiuma,  the  corpuscles  of  which 
can  be  seen  with  the  naked  eye,  nearly  80  /i  (Plate  I.,  i). 

*  A  micro-millimetre,  represented  by  s>-mbol  h,  is  yoVm  millimetre. 
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The  corpuscles  consist  of  a  spongy  framework  or  stroma 
tRoIJett)»  or  an  ent'clope  of  fatty  nature  (Schafer),  to  which 
thty  owe  their  great  elasticity — that  is,  the  power  of  re- 
covoing  their  original  shape  after  being  distorted  in  any 
way— and  within  which  is  contained  a  solution  of  hemo- 
globin, a  highly  complex  pigment. 

When  blood  with  disc-shaped  corpuscles  is  shed,  there  is 
I  great  tendency  for  the  corpuscles  to  run  together  into 
groaps  resembling  rouUauXj  or  piles  of  coin.  No  satisfactor}' 
apUoation  of  this  curious  fact  has  yet  been  given. 

Cnution  of  the  corpuscles,  a  condition  in  which  they 
hecomc  studded  with  fine  projections,  is  caused  by  the 
addition  of  moderately  strong  salt  solution,  by  the  passage 
of  shocks  of  electricity  at  high  potential,  as  from  a  Leyden 
jar,  by  simple  exposure  to  the  air,  and  in  poisoning  with 
Calabar  bean.    Concentrated  saline  solutions,  which  abstract 
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water  from  the  corpuscles  and  cause  them  to  shrink,  make 
the  colour  of  blood  a  brighter  red.  because  more  light  is 
oow  reflected  from  the  crumpled  surfaces.  On  the  other 
band^  the  addition  of  water  renders  the  corpuscles  spheri- 
cal :  more  of  the  light  passes  through  them,  less  is  reflected, 
tnd  the  colour  becomes  dark  crimson  (Plate  I.). 

The  WUite  Blood-corpnsclea,  or  Leucocytes. — The  red  cor- 
puscles are  peculiar  to  blood.  The  white  corpuscles  may 
be  looked  upon  as  peripatetic  portions  of  the  mesoblast  (see 
Chap.  XI  V.t,  and  some  of  them  ought  not  in  strictness  to  be 
called  blood-corpuscles.  They  are  more  truly  body  cor- 
puscles. Similar  cells  are  found  in  many  situations,  and 
wander  cverj-where  in  the  spaces  of  the  connective  tissue. 
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They  pass  into  the  bloodvessels  with  the  lymph,  and  may  pass 
out  of  them  again  in  virtue  of  their  amceboid  power.  They 
consist  of  undifferentiated  living  substance  or  *  protoplasm/] 
and  under  the  microscope  appear  as  granular,  colourless,! 
transparent  bodies,  spherical  in  form  when  at  rest,  and] 
containing  a  nucleus,  often  tri-  or  multi-lobed.  Many  ofJ 
the  leucocytes  of  frog's  blood  at  the  ordinar>'  temperature,] 
and  of  mammalian  blood  when  artificially  heated  on  the] 
warm  stage,  may  be  seen  to  undergo  slow  changes  of  form. 
Processes  called  pseudopodia  are  pushed  out  at  one  portion] 

iof  the  surface,  retracted  at  another,  and  thus  the  corpuscle] 
gradually  moves  or  *  flows  '  from  place  to  place,  and! 
envelops  or  eats  up  substances,  such  as  grains  of  carmine,! 
which  come  in  its  way.    This   kind   of  motion  was   firstj 


Fir.  a.— AutxBOlo  Movement. 
A,  B,  C.  D,  succcssiox  changes  in  the  form  of  an  amoeba. 

observed  in  the  amoeba,  and  is  therefore  called  amoeboid. 
The  leucocytes  of  human  blood  are  not  all  of  the  same  size,  j 
and  differ  also  in  other  respects.    They  may  be  classified  I 
(i)  according  to  the  presence  or  absence  of  granules  in  their 
protoplasm,  and  the  fineness  or  coarseness  of  the  granules; 
(2)   according  to  the  chemical  nature  of   the  dyes  withJ 
which  the  granules  stain.     The  most  recent  work  on  this 
subject  is  a  striking  paper  by  Kanthack  and  Hardy.     They 
find  that  Ehrlich's  '  neutrophile  *  cells  are  in  reality  oxyphile 
— that  is,  their   granules   do   not  stain  with   neutral  dyes. 
such  as  fuchsin  or   methyl   green,  but  do  stain  with  acid 
dyes  like  eosin  (Plate  I.,  2).     They  classify  the  wandering 
cells  of  the  blood  into  five  varieties,  as  follows : 
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f  (1)  Conrse)y  granular  (liorse- 
OxyphHe  (granules  stain- J      shoe-shaped  nucleus)        -  to-ri  ft  indiam. 
ing  with  eosin).  J  (2)  Finclygranular  (irregular 

(     branching  nucleus)  -        -    89 ;»        „ 
Ka^philc  (granules  stain-  (  (3)  Finely  granular  {tri-lobed 
mg  with  methylene  blue).  I      nucleus!  -        -  -     7^  » 

(4)  Hyaline  cells,  free  from 
granules  (one  nucleus, 
genei-ally  spherical)  -  -  S'j-io/i  „ 
^5)  Lymphocytes,  possessing 
a  single  large  nucleus  with 
comparatively  little  proto- 
plasm around  it        -        -6/1  „ 

In  the  blood  of  a  guinea-pig  2  to  3  per  cent,  of  the  colour- 
less cells  consisted  of  (i),  62  per  cent,  of  (2),  07  per  cent, 
of  (3)»  II  per  cent,  of  (4)  and  24  per  cent,  of  (5). 

Blood-plates. — When  blood  is  examined  immediately  after 
bein^  shed,  small  colourless  bodies  of  various  shapes — some- 
times flat  and  of  nearly  circular  outline,  sometimes  irregular 


Fie.  3. — Co«%'E  SHOwist;  Tin;  Number  i-'F  kKi»  Cukpuscliis  at  Diffkkknt 
A<;es  (aptkk  SdKfcssKN's  Estimations). 

Tbe  fibres  along  ibe  honionial  axis  nre  years  of  age,  tliOK  along  the  vertical  nxis 
mBBmk  or  corput  Jes  per  cub.  mm.  of  blood. 

— may  be  seen.  These  are  the  blood-plates  or  platelets. 
They  can  be  best  studied  when  the  blood  is  run  directly  into 
some  fixing  solution  such  as  Hayem's  (NaCl,  r  prm. ; 
Na^O*,  5  grm. ;  HgCL,  0-5  grm. ;  H^O,  200  grm.).  Their 
significance  is  unknown ;  but  they  are  not  produced  by  the 
breaking  up  of  other  elements  of  the  shed  blood,  for  they 
have  been  observed  within  the  living  vessels  —  in  the 
mesentery  of  the  guinea-pig  and  rat  (Osier). 

£niuneratioQ  of  the  Blood-corpuacles. — This  is  done  by 
taking  a  measured  quantity  of  blood,  diluting  it  to  a  known 
extent  with  a  liquid  which  does  not  destroy  the  corpuscles, 
and  counting  the  number  in  a  given  volume  of  the  diluted 
blood  (p.  48). 
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The  average  number  of  red  corpuscles  in  a  cubic  milli- 
metre of  blood  is  about  5,000,000.  In  aniemia  it  may  sink 
to  as  low  as  a  third  of  this.  When  much  water  passes  out 
from  the  blood,  as  in  profuse  sweating,  the  number  of 
corpuscles  per  cubic  millimetre  may  be  greater  than  normal. 

The  number  of  white  blood-corpuscles  in  shed  blood,  as 
usually  examined,  is  not  as  great  as  the  number  in  the 
circulating  blood,  for  some  are  almost  immediately  de- 
stroyed. The  number  remaining  is  on  the  average  about 
10,000  per  cub.  mm.,  or  one  leucocyte  for  every  500 
red  blood-corpuscles.  In  leucocythsemia  the  number  is 
enormously  increased  ;  an  increase  has  also  been  observed 
in  certain  infective  diseases  as  part  of  the  inflammatory 
reaction.  There  are  also  physiological  variations,  even  within 
short  periods  of  time  ;  for  example,  the  number  of  lympho- 
cytes is  increased  when  digestion  is  going  on.  The  number 
of  blood-plates  is  about  300,000  to  the  cub.  mm.  of  blood. 

LifB-history  of  the  Corpuscles. — The  corpuscles  of  the  blood, 
like  the  body  itself,  fulfil  the  allotted  round  of  life,  and  then 
die.  They  arise,  perform  their  functions  for  a  time,  and 
disappear.  Hut  although  the  place  and  mode  of  their  origin, 
the  seat  of  their  destruction  or  decay,  and  the  average 
length  of  their  life,  have  been  the  subjects  of  active  research 
and  still  more  active  discussion  for  many  years,  much  yet 
remains  unsettled. 

In  the  embryo  the  red  corpuscles,  even  of  those  forms 
(mammals)  which  have  non-nucleated  corpuscles  in  adult 
life,  are  at  hrst  possessed  of  nuclei.  In  the  human  fcetus, 
at  the  fourth  week  all  the  red  corpuscles  are  nucleated. 
Later  on  the  nucleated  corpuscles  gradually  diminish  in 
number,  and  at  birth  they  have  almost  or  altogether  dis- 
appeared, some  of  them,  at  least,  having  been  converted  by 
a  shrivelling  of  the  nucleus  into  the  ordinary  non-nucleated 
form.  In  the  newly-born  rat,  which  comes  into  the  world 
in  a  comparatively  immature  state,  many  of  the  red 
corpuscles  may  be  seen  to  be  still  nucleated.  The  first 
corpuscles  formed  in  embryonic  life  are  developed  outside  of 
the  embr>'o  altogether  (in  the  guinea-pig).  Even  before  the 
heart  has  as  yet  begun  to  beat  certain  cells  of  the  mesoblast 
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(see  Chap.  XIV.)  in  a  zone  (*  vascular  area  *)  around  the 
growing  embrj'o,  begin  to  sprout  into  long,  anastomosing 
processes,  which  afterwards  become  hollowed  out  to  form 
capillary  blood-vessels.  At  the  same  time  clumps  of  nuclei, 
formed  by  division  of  the  original  nuclei  of  the  cells,  gather 
at  the  nodes  of  the  net\vork.  vVround  each  nucleus  chngs  a 
iltle  lump  of  protoplasm,  which  soon  develops  ha;mogiobia 
its  substance;  and  the  new-made  corpuscles  float  away 
Vithin  the  new-made  vessels.  In  later  embryonic  life  the 
nucleated  corpuscles  seem  in  part  to  be  developed  in  the 
liver,  spleen,  red  bone-marrow,  and  the  blood  itself  by 
division  of  previously  existing  nucleated  corpuscles,  in  part 
to  be  formed  endogcnously  within  special  cells  in  the  liver, 
spleen,  and  perhaps  the  lymphatic  glands. 


Fic  4.— CuBvE  sfiowisG  I'ttoiuKruj.**  iji    U'luri.  c.(>ki'usclks  tu  Rrd  at 

DirFCKEWT  TiMESt  Ol-    THE   DAV   lArtCII   TMK   Kk&LI.TS  OF   HiRT). 

Ai  1  the  morr"  "--  v— 1  -is  uken  :  «!  II  the  mid-dJiy  me.1I ;  fit  III  the  evening 
OMkL     Dunne    <  '>''-n  itie  iiuiiibcr  of  lynipliocylvs  in  iho  bluotl  i«  grealiy 

incroLSed,  botn  r<  ml  reUlivcly  lo  the  number  of  the  olher  Icucocylcs. 


In  the  mammal  in  extra-uterine  life  the  chief  seat  of 
formation  of  the  red  blood-corpuscles  seems  to  be  the 
red  marrow  of  the  bones  of  the  skull  and  trunk,  and  of  the 
ends  of  the  long  bones  of  the  limbs.  For  a  short  time,  how- 
,  ever,  after  birth  the  formation  of  non-nucleated  corpuscles 
^Knay  still  go  on  in  other  situations,  as  in  certain  celts  in  the 
^^knentum  of  the  rabbit  (Kanvier),  and  in  the  subcutaneous 
^Bonnective-tissue  corpuscles  (Schiifer) ;  while  at  any  time  the 
spleen  (Bix/ozero  and  Salvioli)  in  dogs  and  guinea-pigs,  and 
robably  other  organs,  may  in  emergency — for  instance, 
rhcn  the  number  of  blood-corpuscles  has  been  seriously 
itninished  by  hemorrhage — take  on  a  blood-forming  func- 
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tion.  In  the  red  marrow  special  nucleated,  feebly  amoeboid 
cells,  originally  colourless  or  nearly  so,  multiply  by  mitosis 
or  indirect  division,  and  are  transformed  by  various  stages 
into  the  ordinary  non-nucleated  red  corpuscles,  which  are 
washed  away  in  the  blood-stream.  These  blood-forming  cells 
have  received  the  name  of  er>throblasts  or  hamatoblasts. 

A  constant  destruction  of  red  blood-corpuscles  must  go 
on,  for  the  bile-pigment  and  the  pigments  of  the  urine  are 
derived  from  blood-pigment.  The  bile-pigment  is  formed  in 
the  liver.  It  contains  no  iron  ;  but  the  liver-cells  are  rich 
in  iron,  and  on  treatment  with  hydrochloric  acid  and 
potassium  ferrocyanide,  a  section  of  liver  is  coloured  by 
Prussian  blue  Iron  must,  therefore,  be  removed  by  the 
liver  from  the  blood-pigment  or  from  one  of  its  derivatives  ; 
and  there  is  other  evidence  that  the  liver  is  one  of  the  places 
in  which  red  corpuscles  are  actually  destroyed.  Destruction 
of  the  corpuscles  also  seems  to  take  place  in  the  spleen  and 
bone-marrow.  Although  the  statement  that  free  blood- 
pigment  exists  in  the  plasma  of  the  splenic  vein  is  incor- 
rect, red  corpuscles  have  been  seen  in  various  stages  of 
decomposition  within  cells  in  the  splenic  pulp ;  and  de- 
posits containing  iron  have  been  found  there  and  in  the 
red  bone-marrow  in  certain  pathological  conditions. 

The  lymphocytes  are  undoubtedly,  the  coarsely  granular 
oxyphile  cells  probably,  and  the  hyaline  cells  possibly,  derived 
from  the  lymph.  The  lymphocytes  are  probably  identical 
with  the  small  lymph-corpuscles,  and  have  little,  if  any,  power 
of  amceboid  movement.  They  are  formed  largely  in  the 
lymphatic  glands,  for  the  lymph  coming  to  the  glands  is 
much  poorer  in  corpuscles  than  that  which  leaves  them. 
The  lymphatic  glands,  however,  are  not  the  only  seat  of 
formation  of  leucocytes,  for  lymph  contains  some  corpuscles 
before  it  has  passed  through  any  gland ;  and  although  a  certain 
number  of  these  may  have  found  their  way  by  diapedesis 
from  the  blood,  others  are  formed  in  the  diffuse  adenoid 
tissue,  or  in  special  collections  of  it,  such  as  the  tonsils,  the 
Peyer's  patches  and  solitary  follicles  of  the  intestine,  and 
^the  splenic  corpuscles.  To  a  very  small  extent  white  blood- 
2orpuscles  may  multiply  by  division  in  the  blood* 
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The  fate  of  the  leucocytes  is  even  less  known  than  that 
of  the  red  corpuscles,  for  they  contain  no  characteristic 
substance  like  the  blood-pigment  by  which  their  destruction 
may  be  traced.  That  they  are  constantly  breaking:  down  is 
certain,  for  they  are  constantly  being  produced.  But  we  do 
not  know  whether,  under  normal  conditions,  this  process 
takes  place  exclusively  in  the  blood-plasma  or  in  particular 
organs  or  tissues. 

Physical  and  Chemical  Properties  of  the  Blood. 

Fresh  blood  varies  in  colour,  from  scarlet  in  the  arteries 
to  purple-red  in  the  veins.  It  is  a  somewhat  viscid  liquid, 
with  a  saline  taste  and  a  peculiar  odour.  Its  reaction  is 
alkaline  to  litmus-paper,  chiefly  owing  to  the  presence  of 
di-sodium  phosphate  (NajHPOJ  and  sodium  carbonate. 
The  alkalinity  is  not  constant;  it  is  increased  during  diges- 
tion, when  the  acid  of  the  gastric  juice  is  being  secreted 
from  the  blood,  and  particularly  when  the  food  contains 
much  alkali.  It  is  diminished  by  muscular  exertion,  owing 
to  the  formation  of  lactic  acid  ;  and  since  acid  substances 
seem  to  be  produced  in  all  active  tissues,  the  alkalinity  of 
venous  is  less  than  that  of  arterial  blood.  The  average 
alkalinity  of  human  blood  is  that  of  a  '4  per  cent,  solution  of 
sodium  hydrate  (Loewy). 

The  average  specific  gravity  of  blood  is  about  1066  at 
birth.  It  falls  during  infancy  to  about  1050  in  the  third 
year,  then  rises  till  puberty  is  reached  to  about  1058  in 
males  (at  the  seventeenth  year),  and  1055  in  females  (at  the 
fourteenth  year).  It  remains  at  this  level  during  middle  life 
in  males,  but  falls  somewhat  in  females.  In  chlorotic 
anaemia  of  young  women  it  may  be  as  low  as  1030  or  1035. 
It  rises  in  starvation.  Sleep  and  regular  exercise  increase 
it  (Lloyd  Jones). 

Even  in  thin  layers  blood  is  opaque,  owing  to  reflection 
of  the  light  by  the  red  corpuscles.  It  becomes  transparent 
or  *  laky '  when  by  any  means  the  pigment  is  brought  out 
of  the  corpuscles  and  goes  into  true  solution.  Repeated 
freezing  and  thawing  of  the  blood,  the  addition  of  water. 


ik 
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the  passage  of  electrical  carTent&,  coostant  and  induced,  and 
many  chemical  agents,  cause  this  change. 

Since  changes  begin  in  the  hlood  as  soon  as  it  is  shed, 
having  for  their  outcome  clotting  or  coagulation,  w-e  have  to 
gather  from  the  composition  of  the  stable  factors  of  clotted 
blood,  or  of  blood  which  has  been  artificially  prevented 
from  clotting,  some  notion  of  the  composition  of  the  un- 
altered fluid  as  it  circulates  within  the  vessels.  The  6rst 
step,  therefore,  io  the  study  qI  the  chemistf)'  of  blood  is  the 
study  of  coagulation. 

Coagnlation  of  the  Blood. — When  blood  is  shed  its  viscidity 
soon  t>egins  to  increase,  and  after  an  interval,  varjnng  with 
the  kind  of  blood,  the  temperature  of  the  air  and  other 
conditions,  it  sets  into  a  firm  jelly.  This  jelly  gradually 
shrinks  and  squeezes  out  a  straw-coloured  liquid,  the  serum. 
Under  the  microscope  the  serum  is  seen  to  contain  few  or 
no  red  corpuscles ;  these  are  nearly  all  in  the  clot,  entangled 
in  the  meshes  of  a  kind  of  network  of  fine  fibrils  composed  of 
Hbrin.  In  uncoagulated  blood  no  such  fibrils  are  present,  they 
have  accordingly  been  formed  by  a  change  in  some  constituent 
or  constituents  of  the  normal  blood.  Now,  it  has  been  shown 
that  there  exists  in  the  plasma — the  liquid  portion  of  un- 
clotted  blood — a  substance  from  which  fibrin  can  be  derived, 
while  no  such  substance  is  present  in  the  corpuscles.  In 
various  ways  coagulation  can  be  prevented  or  delayed,  and 
the  plasma  separated  from  the  corpuscles.  For  example, 
the  blood  of  the  horse  clots  very  slowly,  and  a  low  tempera- 
ture lessens  the  rapidity  of  coagulation  of  every  kind  of 
blood.  If  horse's  blood  is  run  into  a  vessel  surrounded  by 
ice  and  allowed  to  stand,  the  corpuscles,  being  of  greater 
specitic  gravity  than  the  plasma,  gradually  sink  to  the 
bottom,  and  the  clear  straw-yellow  plasma  can  be  pipetted 
ofL  Or,  again,  the  addition  of  neutral  salts  to  blood  may 
be  used  to  delay  coagulation,  the  blood  being  run  direct 
from  the  animal  into,  say,  a  third  of  its  volume  of  saturated 
magnesium  sulphate  solution.  The  plasma  may  then  be 
conveniently  separated  from  the  corpuscles  by  means  of  a 
centrifugal  machine.  Again,  two  ligatures  may  be  placed 
OD  a  large  bloodvessel,  so  that  a  portion  of  it  can  be  excised 
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full  of  blood  and  suspended  vertically ;  coagulation  is  long 
delayed,  and  the  corpuscles  sink  to  the  lower  end.  In  these 
and  many  other  ways  plasma  free  from  corpuscles  can  be 
got;  and  it  is  found  that  when  the  conditions  which 
restrained  coagulation  are  removed — when,  for  example, 
the  temperature  of  the  horse's  plasma  is  allowed  to  rise,  or 
the  magnesium  sulphate  plasma  is  diluted  with  several 
times  its  bulk  of  water — clotting  takes  place,  with  formation 
of  Bbrin  in  all  respects  similar  to  that  of  ordinary  blood-clot. 
The  corpuscles  themselves  cannot  form  a  clot.  From  this 
we  conclude  that  the  essential  process  in  coagulation  of  the 
blood  is  the  formation  of  fibrin  from  some  constituent  of 
the  plasma,  and  that  the  presence  of  corpuscles  in  ordinary 
blood-clot  is  accidental.  In  accordance  with  this  conclu- 
sion, wc  find  that  other  animal  liquids  entirely  free  from  red 
corpuscles,  such  as  lymph  and  fresh  pericardial  fluid,  clot 
spontaneously,  with  formation  of  fibrin ;  and  when  fibrin 
is  removed  from  newly-shed  blood  by  whipping  it  with  a 
bundle  of  twigs  or  a  piece  of  wood,  it  will  no  longer  coagu- 
late, although  all  the  corpuscles  are  still  there.  In  hemo- 
philia, a  hereditary  disease,  the  blood  does  not  clot  properly, 
and  a  mere  prick  may  give  rise  to  great  hemorrhage.  The 
condition  is  said  to  be  associated  with  a  deficiency  of  fibrin, 
or  fibrin-forming  material. 

What,  now,  is  the  substance  in  the  plasma  which  is 
changed  into  fibrin  when  blood  coagulates?  If  plasma, 
obtained  in  any  of  the  ways  described  above,  be  saturated 
with  sodium  chloride,  a  precipitate  is  thrown  down.  The 
filtrate  separated  from  this  precipitate  does  not  coagulate 
on  dilution  \\'ith  water;  but  the  precipitate  itself — the  so- 
called  pUsmine  of  Denis — on  being  dissolved  in  a  little  water 
does  form  a  clot.  Fibrin  is  therefore  derived  from  some- 
thing in  this  precipitate.  Now,  '  plasmine  '  contains  two 
proteid  bodies  —  fibrinogen,  which  coagulates  by  heat  at 
about  56"  C,  and  aerum-globulin,  which  coagulates  at  about 
75"  C,  and  it  was  at  one  time  believed  that  both  of  these 
entered  into  the  formation  of  fibrin  (Schmidt).  Hammer- 
sten,  however,  has  shown  that  fibrinogen  alone  is  a  precursor 
of  fibrin;   pure  serum-globulin  neither  helps  nor  hinders 


A  MANUAL  OF  PHYSIOLOGY, 


its  formation.  This  observer  isolated  fibrinogen  from  blood- 
plasma  by  adding  sodium  chloride  till  about  13  per  cent, 
was  present.  With  this  amount  the  fibrinogen  is  precipi- 
tated, while  serum-globulin  is  not  precipitated  till  20  per 
cent,  of  salt  is  reached.  After  precipitation  of  the  fibrinogen 
the  plasma  no  longer  coagulates;  and  a  solution  of  pure 
fibrinogen  can  be  made  to  clot  and  to  form  fibrin,  while  a 
solution  of  serum-globulin  cannot.  Blood-serum,  too,  which 
'  contains  abundance  of  «erum-globulin,  but  no  fibrinogen, 
will  not  coagulate. 

So  far,  then,  we  have  reached  the  conclusion  that  fibrin  is 
formed  by  a  change  in  a  substance,  fibrinogen,  which  can  be 
obtained  by  certain  methods  from  blood-plasma.  It  may 
be  added  that  there  is  evidence  that  fibrinogen  exists  as 
such  in  the  circulating  blood  ;  for  if  unclotted  blood  be 
suddenly  heated  to  about  56',  the  temperature  of  heat- 
coagulation  of  fibrinogen,  the  blood  loses  its  power  of 
clotting.  Since  fibrinogen  is  readily  soluble  in  dilute  saline 
solutions  and  fibrin  only  soluble  with  great  difficulty,  we  may 
say  that  in  coagulation  of  the  blood  a  substance  soluble  in 
the  plasma  passes  into  an  insoluble  form. 

How  is  this  change  determined  when  blood  is  shed  ?  We 
have  said  that  a  solution  of  pure  fibrinogen  can  be  made  to 
coagulate,  but  it  does  not  coagulate  of  itself.  The  addition 
of  another  substance  in  extremely  minute  quantity  is  neces- 
sary. This  other  substance  is  fibrin-ferment,  which  can  be 
obtained  by  precipitating  blood-serum,  or  defibrinated  blood, 
with  fifteen  to  twenty  times  its  bulk  of  spirit,  letting  the 
whole  stand  for  a  month  or  more,  and  then  extracting  the  pre- 
cipitate with  water  (Schmidt).  All  the  ordinary  proteids  of  the 
blood  have  been  rendered  insoluble  by  the  alcohol,  but  the 
fibrin-ferment  passes  into  solution  in  the  water,  for  the 
addition  of  a  trace  of  the  extract  to  a  pure  solution  of 
fibrinogen,  which  of  itself  would  not  clot,  causes  coagulation. 
The  active  substance  itself  does  not  seem  to  bo  used  up  in 
the  process,  nor  to  enter  bodily  into  the  fibrin  formed ;  a 
small  quantity  of  it  can  cause  an  indefinitely  large  amount  of 
fibrinogen  to  clot ;  its  power  is  abolished  by  boiling.  For 
these  reasons  it  is  considered  to  be  a  ferment. 
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This  action  of  the  fibrin-ferment  on  fibrinogen  helps  to 
explain  many  experiments  in  coagulation.  Thus,  transuda- 
tions like  hydrocele  fluid  do  not  clot  spontaneously,  although 
ihey  contain  fibrinogen,  which  can  be  precipitated  from 
them  by  a  stream  of  carbonic  acid  or  by  sodium  chloride. 
But  the  addition  of  a  little  fibrin-ferment  causes  hydrocele 
fluid  to  coagulate.  So  does  the  addition  of  serum,  not 
because  of  the  serum-globulin  which  it  contains,  as  was 
once  believed,  but  because  of  the  fibrin-ferment  in  it.  The 
addition  of  blood-clot,  either  before  or  after  the  corpuscles 
have  been  washed  away,  or  of  serum-globulin  obtained 
from  serum,  also  causes  coagulation  of  hydrocele  fluid,  and 
for  a  similar  reason,  the  fibrin-ferment  having  a  tendency  to 
cling  to  everything  derived  from  a  liquid  containing  it.     On 


Fig.  5.— Diarkam  of  lia;t  with  bui'i'v  Coat. 

V.  Lower  portion  of  cI(H  with  reJ  cofpuscles :  xit,  white  corpuscles  in  upper  layer 
of  dot :  <-,  cupped  upper  sorface  tiS  clot ;  /,  serum. 

the  other  hand,  serum,  which  does  not  of  itself  clot,  although 
fibrin-ferment  is  present  in  it,  because  the  fibrinogen  has  all 
been  changed  into  fibrin  during  coagulation  of  the  blood, 
can  be  made  to  coagulate  by  the  addition  of  hydrocele  fluid, 
which  contains  fibrinogen.  We  have  thus  arrived  a  step 
farther  in  our  attempt  to  explain  the  coagulation  of  the 
blood  :  ii  is  essentially  due  io  the  formation  of  fibrin  from  tiie 
fibrinogen  of  the  plasma  under  the  inflmnce  of  fibrin -ferment. 

What  is  the  source  of  the  fibrin-ferment  ?  It  exists  only 
in  small  amount  in  the  circulating  blood  ;  for  when  blood 
is  received  into  alcohol  direct  from  an  artery,  only  a  little 
ferment  is  found  in  it.  In  all  probability  the  white  blood- 
corpuscles  and  other  cells  contain  a  substance  which  is  not 
actual  fibrin-ferment,  but  from  which  fibrin-ferment  is  readily 
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derived ;  in  other  words,  a  jrymogen,  or  mother-substance  of 
fibrin-ferment.  When  blood  is  shed,  the  active  ferment  is 
speedily  formed,  and  coagulation  of  the  fibrinogen  ensues. 
This  surmise  is  strengthened  by  the  fact,  already  men- 
tioned, that  in  freshly-shed  blood  destruction  of  leucocytes 
takes  place ;  and  Hardy  has  shown  that  the  blood  of  the 
crayfish,  which  coagulates  with  extreme  rapidity,  contains 
certain  colourless  corpuscles  which,  immediately  it  is  shed, 
break  up  with  explosive  suddenness,  and  that  substances 
which  hinder  the  breaking  up  of  these  corpuscles  restrain 
coagulation.  Further,  the  white  layer  or  *  buffy  coat '  which 
tops  the  tardily-formed  clot  of  horse's  blood  (Kig.  5),  and 
consists  of  the  lighter,  and  therefore  more  slowly  sinking, 
white  corpuscles,  causes  clotting  in  otherwise  incoagulable 
liquids  like  hydrocele  Huid,  much  more  readily  than  the 
red  portion  of  the  clot,  and  yields  far  more  fibrin-ferment 
on  treatment  with  alcohol. 

But  when  we  have  traced  the  fibrin-ferment  to  the  leuco- 
cytes, and  the  fibrinogen  to  the  plasma,  and  have  seen  that 
interaction  of  the  two  causes  the  formation  of  fibrin,  we 
have  not  yet  got  to  the  bottom  of  coagulation.  The  researches 
of  late  years  have  shown  that  a  third  factor  is  involved : 
calcium  is  present  itt  some  form  or  other  wherever  coagulation 
occurs.  Active  fibrin-ferment  is  rich  in  calcium.  The  follow- 
ing facts  illustrate  the  role  of  the  calcium  :  The  addition 
of  a  soluble  oxalate  to  blood  (*i  or  '2  per  cent  potassium 
oxalate)  prevents  coagulation  by  precipitating  the  calcium 
as  insoluble  calcium  oxalate.  From  plasma  prepared  in  this 
way  a  nucleo-albumin*  maybe  obtained  which  contains  little 
or  no  calcium  and  does  not  cause  coagulation,  but  which  on 
treatment  with  a  calcium  salt  acquires  the  properties  of 
fibrin-ferment,  and  yields  an  ash  rich  in  calcium.  Injection 
of  peptone  into  the  veins  of  a  dog  deprives  the  blood  for  a 
time  of  its  power  of  coagulation,  apparently  by  reason  of  the 
affinity  of  peptone  for  calcium  salts,  for  its  action  can  be 
prevented  by  injection  of  calcium  chloride  (Pekelharing),  and 
imitated  by  injection  of  potassium  oxalate.     Soaps  hinder 

**  Nuclco-nlbumins  are  bodies  whirh  yield,  on  digestion  with  pepsin 
and  h>'dri>chlonc  acid,  proteoses,  peptones,  and  an  indigestible  residue 
of  nuclein,  a  substance  nch  in  pliosphorus. 
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coagulation  in  the  same  way,  A  watery  extract  of  the  leech 
also  prevents  coagulation,  and  a  substance  can  be  obtained 
from  the  plasma  chemically  identical  with  fibrin-ferment, 
but  with  no  power  of  causing  coagulation  (Dickinson). 
Wooldridge's  'tissue  fibrinogen'- — a  mixture  of  protagon 
and  nucleo-albumin  extracted  by  water  from  the  thymus, 
testis,  kidney,  lymphatic  glands  and  other  organs,  and  pre- 
cipitated with  dilute  acetic  acid — causes  extensive  intra- 
vascular clotting  when  injected  into  the  blood  of  an  animal, 
but  does  not  cause  coagulation  of  a  solution  of  pure 
fibrinogen,  nor  hasten  the  coagulation  of  blood-plasma 
outside  of  the  body.  It  therefore  contains  no  actual  Hbrin- 
ferment,  but  it  does  contain  a  substance,  which,  according 
to  Pekelharing,  can  be  changed  into  the  ferment,  for  after 
treatment  with  a  calcium  salt  it  causes  fibrinogen  to  coagu- 
late, \Vhcn  the  so-called  'tissue  fibrinogen,'  which  must 
be  carefully  distinguished  from  true  fibrinogen,  is  injected 
into  ihe  blood,  the  nucleo-albumin  in  it  perhaps  combines 
with  the  calcium  of  the  plasma,  and  is  developed  into  active 
fibrin-ferment 

Pekelharing's  theory  may  be  thus  summed  up:  Active 
fibrin -ferment  only  differs  from  its  inert  precursor,  a  nucleo- 
albumin,  in  its  richness  in  calcium,  and  by  the  action  of  a  calcium 
salt  the  former  may  be  produced  from  the  latter.  Fibrin  contains 
mtuh  calcium;  and  it  is  a  very  plausible  suf^gestion  that  fibrin  is 
a.  calcium  compound  of  fibrinogen,  attd  that  in  coagulation  the 
calcium  is  handed  over  or  transferred  to  it  by  the  fibrin 'ferment. 

Recently,  however,  Halliburton  and  Brodie,  who  have 
prepared  nucleo-albumin  from  many  organs  by  extraction 
with  sodium  chloride  and  precipitation  with  excess  of 
water,  as  well  as  by  the  acetic  acid  method,  have  brought 
forward  evidence  that  the  nucleo-albumin  is  neither  identical 
with  fibrin-ferment  nor  with  its  lyinogan.  For  (i)  fibrin- 
ferment  cannot  be  obtained  from  riucleo  -  albumin  by 
Schmidt's  method  (p.  28),  the  nucleo-albumin  being  easily 
rendered  insoluble  by  alcohol,  fibrin-ferment  only  with 
difficulty;*  (2)  fibrin-ferment  favours  the  coagulation  of 
blood-plasma  only  after  it  has  been  shed,  it  does  not  cause 
*  Halliburton  now  admits  that  fibrln-rermcnt  contains  a  nucleo-albumin. 
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intra-vascular  clotting;  nucleo-albumin  only  favours  th" 
coagulation  of  intra-vascular  plasma.  And  it  may  be  asked 
why  it  is  that  fibrin -ferment  formed,  on  Pekelharing's 
hypothesis,  in  the  circulating  blood  from  injected  nucleo- 
albumin,  should  be  able  to  cause  coagulation,  while  ready- 
made  iibrin-ferment  does  not  possess  this  power  ?  The 
mere  asking  of  this  question  is  not,  however,  necessarily 
fatal  to  that  hypothesis.  For  it  is  conceivable  that  fibrin- 
ferment  freshly  formed  from  nucleo-albumin  within  the 
vessels,  *  nascent'  fibrin-ferment,  so  to  speak,  may  be  able 
to  overcome  the  inHuences  that  restrain  intra-vascular 
coagulation,  while  fibrin-ferment  introduced  from  without 
may  fail  to  do  so.  Whether,  as  a  matter  of  fact,  the  amount 
of  fibrin-ferment  obtainable  from  the  blood  of  an  animal 
into  which  nucleo-albumin  has  been  injected  is  greater  than 
the  amount  yielded  by  tlie  blood  of  the  same  animal  before 
injection,  has  not  been  determined. 

That  some  ready-made  fibrin-ferment,  or  its  zymogen. 
exists  in  living  plasma  is  shown  by  the  experiments  of 
Alexander  Schmidt.  He  finds  that  the  blood-plasma  of  the 
horse,  entirely  freed  from  formed  elements  by  filtration 
through  several  folds  of  filter  paper  at  a  temperature  of 
o'  to  o'5°  C,  remains  fluid  at  the  ordinary  temperature  of  the 
air  for  hours,  but  eventually  coagulates.  On  this  and  other 
evidence  he  bases  the  view  that  substances  formed  by  the 
breaking  down  of  white  blood-corpuscles  in  shed  blood  are 
not  the  only  cause  of  coagulation,  although  they  undoubtedly 
greatly  accelerate  it.  According  to  Schmidt,  zymoplastin, 
or  mother-substance  of  fibrin-ferment,  is  produced  in  the 
body  from  all,  or  most,  protoplasmic  cells,  from  white  blood- 
corpuscles  among  the  rest,  but  not  exclusively,  nor  even 
pre-eminently,  from  them.  The  zymoplastic  substance 
passes  continually  into  the  blood,  and  fibrin-ferment  is  con- 
tinually formed  from  it,  but  is  always  being  neutralised  by 
other  chemical  processes.  So  that  living  blood  within  the 
living  vessels  may  be  said  to  be  acted  upon  by  two  sets  of 
influences,  one  tending  to  coagulation,  the  other  opposing  it. 
Under  normal  conditions  the  processes  which  make  for 
coagulation   never  obtain   the   upper   hand ;   but  anything 
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which  interrupts  the  circulation,  and  consequently  the  free 
interchange  between  blood  and  tissues,  interferes  with  the 
entrance  of  the  substances  that  render  the  fibrin- ferment 
inactive.  In  the  clotting  of  extravascular  plasma,  free  from 
corpuscles,  Schmidt  sees  the  continuation,  under  modified 
conditions,  of  a  normal  process  always  going  on  within  the 
bloodvessels.  In  the  lungs  it  would  seem  that  the  forces 
which  favour  coagulation  are  feeble,  or  the  forces  that  resist 
rt  strong,  for  blood,  after  passing  many  times  through  the 
pulmonary  circulation  without  being  allowed  to  enter  the 
systemic  vessels,  loses  its  power  of  clotting  (Ludwig  and 
Taw  low). 


The  Chemical  Composition  of  Blood. 

The   serum   of  coagulated   blood   represents  the  plasma 

iiUHxts  fibrinogen  ;   the  clot  represents  the  corpuscles  plus 

fibrin.     Thus : 

Plasma  —  ?'ibrin(ogen)  —  Serum. 

CorpiiscUi  +  i'ihin  =-  Clot. 

Plasma  +  Corpuscles  =  Serum  +  Clot  —  DIood. 

Bulky  as  the  clot  is,  the  quantity  of  fibrin  is  trifling  (*2  to  *4 
per  cent,  in  human  blood).  The  plasma  (or  serum)  is  about 
two-thirds  by  weight  of  the  entire  blood,  the   corpuscles 
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about  one-third.  The  plasma  contains  about  lo  per  cent,  of 
solids,  the  red  corpuscles  about  40  per  cent,  the  entire  blood 
about  20  per  cent. 

8enun  contains  8  to  9  per  cent,  of  proteids,  about  '8  per 
cent,  of  inorganic  salts,  and  small  quantities  of  neutral  fats, 
urea,  krcatin,  grape-sugar,  lactic  acid,  and  other  substances. 
The  protcids  are  scrttm-albitimn  and  scrum-globuUn.  In  the 
rabbit  the  former,  in  the  horse  the  latter,  is  the  more 
abundant ;  in  man  they  exist  in  not  far  from  equal  amount. 
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Scrum-albumin  belongs  to  the  class  of  native  albumins.  It 
is  soluble  in  distilled  water,  and  is  not  precipitated  by 
saturating  its  solutions  with  certain  neutral  salts.  Heated 
in  neutral  or  slightly  acid  solution,  it  coagulates  first  at  7.5', 
then  at  77',  then  at  S4'  C  But  this  is  not  sufficient  proof 
that  it  consist?  of  a  mixture  of  three  proteids  coagulating 
respectively  at  these  temperatures,  as  has  been  held. 

Serum-Globulin  belongs  to  the  globulin  group  of  proteids. 
It  is  insoluble  in  distilled  water,  and  is  precipitated  in 
saturated  solutions  of  neutral  salts.  When  heated,  it 
coagulates  at  75"  C.  (p.  47). 

The  chief  inorganic  salt  of  serum  is  sodium  chloride. 
Potassium  salts  are  very  sparingly  represented. 

The  Hed  Corpuscles. — The  pigment  haemoglobin  makes  up 
about  90  per  cent,  of  the  solids,  the  proteids  of  the  stroma 


III^.  7.  — UlAGKAM  Of  SPECTRuSCOI'I.. 

A.  wurcc  of  Ugtit ;    B,  layer  of  blood  ;    C.  colliiiiBlor  for  rroderiDg  rays  parallel ; 
D.  prisiQ  ;  E,  lelcscQpe. 

about  8  per  cent.,  lecithin  and  cholcsterin  less  than  i  per 
cent.,  inorganic  salts  (chiefly  phosphates  and  chloride  of 
potassium)  1*5  per  cent. 

Hamoglobiu. — The  most  remarkable  property  of  this  body 
is  its  power  of  combining  loosely  with  oxygen  when  exposed 
to  an  atmosphere  containing  it,  and  of  again  giving  it  up  in 
the  presence  of  oxidi;cable  substances  or  in  an  atmosphere 
in  which  the  partial  pressure  of  oxygen  (Chap.  III.)  has  been 
reduced  below  a  certain  limit.  It  is  this  property  which 
enables  hsemoglobin  to  perform  the  part  of  an  oxygen- 
carrier  to  the  tissues,  a  function  which  will  be  more 
minutely  considered  when  we  come  to  deal  with  respira- 
tion. 
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The  bright-red  colour  of  blood  drawn  from  an  artery  or  of 
venous  blood  after  free  exposure  to  air  is  due  to  the  fact 
that  the  hemoglobin  is  in  the  oxidized  state — in  the  state  of 
oxyhzemoglobin,  as  it  is  called.  If  the  oxygen  is  removed 
by  means  of  reducing  agents,  such  as  ammonium  sulphide, 
or  by  exposure  to  the  vacuum  of  an  air-pump,  the  colour 
darkens,  the  blood-pigment  being  now  in  the  form  of  reduced 
h<emoglobin.     In  ordinary  venous  blood  a  large  proportion 
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Fig.  8.— 1  able  opSpkctra  op  Haiuoclosin  and  its  Dkhivatives. 
B,  oxygea  line :  D.  sodium  line  ;  C  and  F,  hydrogen  lines  ;  b.  in«sn«lam  IIdc. 

of  the  pigment  is  in  this  condition,  but  there  is  always 
oxyhaemoglobin  present  as  well.  In  asphyxia,  however,  the 
whole  of  the  oxyhicmoglobin  may  disappear. 

Cr^'stallization of  IIo'moghbiK. — In  the  circulating  blood  the 
haemoglobin  is  related  in  such  a  way  to  the  stroma  or  to  the 
envelope  of  the  corpuscles  that,  although  the  latter  are 
suspended   in   a  liquid   readily    capable  of   dissolving  the 
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pigment,  it  yet  remains  in  normal  circumstances  strictly 
within  them.  In  a  few  invertebrates,  however,  it  is  normally 
in  solution  in  the  plasma.  When  in  any  way  it  is  brought 
into  solution  outside  the  body  it  shows  in  many  animals,  but 
not  in  all,  a  tendency  to  crystallize.  The  crystals  differ 
in  shape  in  different  animals.  Thus,  in  the  poose  they  are 
rhombic  tables,  in  the  guinea-pig  tetrahedra  or  octahedra. 
in  the  dog  four-sided  prisms- 

As  a  rule,  the  haemoglobin  crj'Stallizes  in  the  form  of 
oxyhaemoglobin,  but  in  man  in  the  reduced  form  (Copeman). 

When  a  solution  of  oxyhsemoglobin  of  moderate  strength 
is  examined  with  the  spectroscope,  two  well-marked  absorp- 
tion bands  are  seen,  one  a  little  to  the  right  of  Fraunhofer's 
line  D,  and  the  other  a  little  to  the  left  of  E.     The  addition 


Pic.  9,— Crvstala  utf  n.rj<aGU>BiN, 
a.  tiunsaa  :  b.  iquirrcl ;  e.  gulne*  pif. 

of  a  reducing  agent,  such  as  ammonium  sulphide,  causes 
these  bands  to  disappear,  and  they  are  replaced  by  a  less 

sharply-defined  band,  of  which  the  centre  is  about  equidistant 
from  D  and  E.  This  is  the  characteristic  band  of  reduced 
hsemoglobin.  The  spectrum  of  ordinarj"  venous  blood  shows 
the  bands  of  oxyhaemoglobin. 

By  the  action  of  acids  or  alkalies  oxyhaemoglobin  is  split 
into  hiemattn  and  proteid  bodies,  of  which  the  exact  nature 
is  little  known.  When  the  haemoglobin  is  acted  on  by 
acids  in  the  absence  of  oxygen,  hsemochromogen  is  first 
formed,  which  is  then  changed  into  hfematoporphyrin,  or 
iron-free  hamatin.  If  oxygen  be  present,  hamatin  is  the 
final   product.     By  the  action  of  alkalies  reduced   haimo- 
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globin  yields  haemochromogen,  which  is  stable  in  alkaline 
solution,  and  gives  a  beautiful  spectrum  with  two  bands, 
bearing  some  resemblance  to  those  of  oxyh^emoglobin,  but 
placed  nearer  the  violet  end.  The  band  next  the  red  end  of 
the  spectrum  is  much  sharper  than  the  other. 

Hamatin,  the  most  frequent  result  of  the  splitting  up 
of  haemoglobin,  is  generally  obtained  as  an  amorphous 
substance  of  bluish-black  colour  and  a  metallic  lustre,  in- 
soluble in  water,  but  soluble  in  dilute  alkalies  and  acids, 
or  in  alcohol  containing  them.  In  addition  to  the  iron  of 
the  haemoglobin,  hxmatin  contains  the  four  chief  elements 
of  proteid  bodies,  C,  H,  N  and  O  (see  Practical  Exercises). 

HamaloporphyYin^  or  iron-free  hsematin,  may  be  obtained 
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from  blood  or  harmoglobin  by  the  action  of  strong  sulphuric 
acid.  Ha;mochromogen  in  acid  solution  readily  loses  its 
iron,  and  is  changed  into  haimatoporphyrin.  The  spectrum 
of  the  latter  in  acid  solution  shows  two  bands,  one  just  to 
the  left  of  D,  the  other  about  midway  between  D  and  E. 

Mtthatnoglobin  differs  from  the  other  derivatives  of  hamo- 
globin  described  in  still  possessing  the  proteid  element,  and 
therefore  the  capacity  of  being  again  changed  into  haemo- 
globin. It  has  by  some  been  regarded  as  a  more  highly 
oxidized  haemoglobin  than  oxyhaemoglobin.  Rebutting 
evidence  has,  however,  been  offered  to  the  effect  that  the 
same  quantity  of  oxygen  is  required  to  saturate  both  pig- 
ments.    Methffimoglobin  is  formed  when  blood  is  oxidized 
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in  various  ways — e,g,^  by  the  addition  of  crj'Stals  of  feiri- 
cyanide  of  potassium,  or  of  nitrite  of  amyl,  or  by  electrolysis, 
in  the  neighbourhood  of  the  anode.  It  verj*  often  appeals 
in  blood  or  in  an  oxyhemoglobin  solution  which  is  allowed 
to  stand.  It  has  been  found  in  the  urine  in  hemoglobinuria, 
in  the  fluid  of  ovarian  cysts,  and  in  hematoceles.  The 
strongest  band  in  its  spectrum  is  in  the  red,  between  C 
and  D,  but  nearer  C,  nearly  in  the  same  position  as  the 
band  of  acid-hematin.  Reducing  agents  change  methaemo- 
globin  into  reduced  haemoglobin;  but  it  maybe  seen  that 
the  methsemoglobin  passes  rapidly,  on  the  addition  of 
ammonium  sulphide,  through  the  stage  of  oxyhagmoglobin 
to  reduced  hemoglobin,  the  oxyhemoglobin  bands  springing 
out  for  a  moment  and  then  disappearing. 

Carbonic  oxide  hanwglobin  is  a  representative  of  a  class 
of  hemoglobin  compounds  analogous  to  oxyhemoglobin,  in 
which  the  loosely-combined  oxygen  has  been  replaced  by 
other  gases  (CO,  NO)  in  firmer  union.  Its  spectrum  shows 
two  bands  very  like  those  of  oxyhemoglobin,  but  a  little 
nearer  the  violet  end.  COHb  is  formed  in  poisoning  with 
coal  gas.  Owing  to  the  great  stability  of  the  compound, 
the  Hb  can  no  longer  be  oxidi;:ed  in  the  lungs,  and  death 
may  take  place  from  asphyxia.  It  is.  however,  gradually 
broken  up,  and  this  is  an  indication  that  artificial  respira- 
tion may  sometimes  be  of  use  in  such  cases.  Reducing 
agents,  such  as  ammonium  sulphide,  do  not  break  up  COHb, 
and  therefore  do  not  alter  the  spectrum. 

Hamin  is  a  compound  of  hematin  and  hydrochloric 
acid,  which  crystallizes  in  the  form  of  small  rhombic 
plates,  of  a  brownish  or  brownish-black  colour.  They 
are  insoluble  in  water,  but  readily  soluble  in  dilute  alkalies 
(see  p.  52). 

ChemiBtry  of  the  White  Blood  Corpuscles.— The  composition 
of  pus-celis  and  the  leucocytes  of  lymphatic  glands  has  been 
investigated.  The  chief  constituents  of  the  latter  are  a 
globulin  coagulating  by  heat  at  48"  to  50"  C. ;  a  nucleo- 
albumin  coagulating  in  5  per  cent.  MgSO^  solution  at  75*  C. 
and  causing  coagulation  of  the  blood  on  injection  into  the 
veins  of  rabbits;  an  albumin  coagulating  at  73'  C;  and  a 
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ferment  with  powers  like  the  pepsin  of  the  gastric  juice. 

In  pus-cells  gjlycogcn  has  been  found. 

The  Uiiantity  of  Blood. — The  quantity  of  blood  in  an  animal 
is  best  determined  by  the  method  of  Welcker.  The  animal 
is  bled  from  the  carotid  into  a  weighed  flask.  When  blood 
has  ceased  to  flow,  the  vessels  arc  washed  out  with  water  or 
normal  saline  solution,  and  the  last  traces  of  blood  are 
removed  by  chopping  up  the  body,  after  the  intestinal 
contents  have  been  cleared  away,  and  extracting  it  with 
water.  The  extract  and  washings  are  mixed  and  weighed  ; 
a  given  quantity  of  the  mixture  is  placed  in  a  ha:matino- 
meter  (a  glass  trough  with  parallel  sides,  e.g.),  and  a  weighed 
quantity  of  the  unmixed  blood  diluted  in  a  similar  vessel 
till  the  tint  is  the  same  in  both.  From  the  amount  of 
dilution   required,   the    quantity   of    blood    in    the   watery 
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solution  can  be  calculated.     This  is  added  to  the  amount 
of  unmixed  blood  directly  determined. 

Many  other  methods  have  been  devised  on  the  principle 
of  injecting  a  known  quantity  of  some  substance  into  the 
circulating  blood,  and  then,  after  an  interval  has  been 
allowed  for  mixture,  determining  the  change  produced  in  a 
sample.  Thus,  the  specific  gravity  of  a  drop  of  blood  having 
been  measured,  a  certain  quantity  of  normal  saline  (a  '5  to 
"7  per  cent,  solution  of  sodium  chloride)  may  be  injected 
into  a  vein,  and  the  specific  gravity  again  determined. 
Or  the  electrical  resistance  of  a  small  sample  of  blood  may 
be  measured  before  and  after  injection  of  a  given  quantity 
of  a  substance,  such  as  sodium  chloride,  which  reduces  it. 
Or  the  total  solids  may  be  determined  in  a  specimen  before 
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and  aiter  injectioa  of  a  known  wdgfat  of  distiUed  water. 
Or  an  animal  may  be  caused  to  inspue  carbonic  oxide 
for  a  given  time;  from  the  quantity  taken  in,  and  the 
quantity  fixed  by  a  known  weigbt  of  btood  withdrawn 
from  the  animal,  the  weight  of  the  whole  fakwd  may  be 
calculated. 

The  quantity  of  blood  in  the  body  was  greatly  over- 
estimated by  the  ancient  physicians,  .^vtcenna  put  it  at 
25  lb.,  and  many  loose  statemenu  axe  on  record  of  as 
much  as  20  lb.  being  lost  by  a  patient  without  causing 
death.  The  proportion  of  Uood  to  body-weight  has  been 
foond  b>'  accurate  experiments  to  be  in  man  and  the  dog 
I  :  15,  new-born  child  i  :  19,  cat  z  :  14,  horse  i  :  15,  frog 
I  :  17,  rabbit  i  :  19.  Fig.  xi  illustrates  the  distribution  of 
the  blood  in  the  various  organs  of  a  rabbit  The  liver  and 
skeletal  muscles  each  contain  rather  more  than  one-fourth, 
the  heart,  lungs,  and  great  vessels  rather  less  than  one- 
fourth,  and  the  rest  of  the  body  about  one-fifth,  of  the 
total  blood.  The  kidney  and  spleen  of  the  rabbit  each 
contain  one-eighth  of  their  own  weight  of  blood,  the  liver 
between  one-third  and  one- fourth  of  its  weight,  the  muscles 
only  one-twentieth  of  their  weight. 


Lymph  and  Chyle. 

Lymph  has  been  defined  as  blood  without  its  red  cor- 
puscles (Johannes  MQller);  it  is,  in  fact,  a  dilute  blood* 
plasma,  containing  leucocytes,  some  of  which  (lymphocj-tes) 
are  commun  to  lymph  and  blood,  others  (coarsely  granular 
basophile  cells}  are  absent  from  the  blood.  The  reason  of 
this  similarity  appears  when  it  is  recognised  that  the  plasma 
of  lymph  is  derived  from  the  plasma  of  blood  by  a  process  of 
physiological  filtration  (or  secretion)  through  the  walls  of 
the  capillaries  into  the  lymph-spaces  that  everywhere  occupy 
the  interstices  of  areolar  tissue.  Lymph,  as  obtained  from 
one  of  the  large  lymphatic  vessels  of  the  limbs,  or  from  the 
thoracic  duct  of  a  fasting  animal,  is  a  colourless  or  some- 
times slightly  yellowish  liquid  of  alkaline  reaction.  Its 
specific  gravity  is  much  less  than  that  of  the  blood  (1015  to 
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1030),  It  coagulates  spontaneously,  but  the  clot  is  always 
less  firm  and  less  bulky  than  that  of  blood.  The  plasma 
contains  fibrinogen,  from  which  the  fibrin  of  the  clot  is 
derived.  Serum-albumin  and  serum-globulin  are  present  in 
much  the  same  relative  proportion  as  in  blood,  although  in 
smaller  absolute  amount.  Neutral  fats,  urea,  and  sugr  are 
also  found  in  small  quantities.  The  inorganic  salts  are  the 
same  as  those  of  the  blood-serum,  and  exist  in  about  the 
same  amount,  sodium  preponderating  among  the  bases,  as  it 
does  in  serum.  The  following  table  shows  the  results  of 
analyses  of  lymph  from  man  and  the  horse  (Munk) : 


Man, 

Horse. 

Water 

95-0  p.  c. 

95-8  p.  c 

/  Fibrin     - 

01 

0*1     \ 

1  Other  proteids 

41 

.      2'9 

Solids]  Fat 

trace 

5-0 

trace   4*2 

Extractives     • 

o"3 

O'l 

n    J 

Salts 

OS     J 

Chyle  is  merely  the  name  given  to  the  lymph  coming  from 
the  alimentary  canal.  The  fat  of  the  food  is  absorbed  by 
the  lymphatics,  and  during  digestion  the  chyle  is  crowded 
with  fine  fatty  globules,  which  give  it  a  milky  appearance. 
There  may  also  be  in  chyle  a  few  red  blood-corpuscles, 
carried  into  the  thoracic  duct  by  a  back-flow  from  the  veins 
into  which  it  opens.  Chyle  clots  like  ordinary  lymph.  The 
following  is  the  composition  of  a  sample  analyzed  by  Paton, 
and  obtained  from  a  fistula  of  the  thoracic  duct  in  a  man : 


Water 
Solids 

I  Rorganic 
Orguiiic  - 
Prolcids 
Fats     • 
Cbolcsicrin 
Lcciihin 


953'4 
46-G 

6-5 

40- 1 

'37 

24X)6 

oO 

036 


The  quantity  of  chyle  flowing  from  the  fistula  was  esti- 
mated at  as  much  as  j  to  4  kilos  per  twenty-four  hours,  or 
nearly  as  much  as  the  whole  of  the  blood.     The  flow  has 
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been  calculated  in  various  animals  at  one-eighteenth  to  one- 
seventh  of  the  body-weight  in  the  twenty-four  hours.  The 
quantity  of  lymph  in  the  body  is  unknown,  but  it  must  be 
Very  great — perhaps  two  or  three  times  that  of  the  blood. 

The  gases  of  the  blood  and  lymph  will  be  treated  of  in 
Chapter  III. 


The  Functions  of  Blood  and  Lymph. 

We  have  already  said  that  these  liquids  provide  the 
tissues  with  the  materials  they  require,  and  carry  away  from 
them  materials  which  have  served  their  turn  and  are  done 
with.  These  materials  are  gaseous,  liquid,  and  solid.  Oxygen 
is  brought  to  the  tissues  in  the  red  corpuscles;  carbonic  acid 
is  carried  away  from  them  chiefly  in  the  plasma  of  the  blood 
and  lymph.  The  water  and  solids  which  the  cells  of  the 
body  take  in  and  give  out  are  also,  at  one  time  or  another, 
constituents  of  the  plasma.  The  heat  produced  in  the 
tissues,  too,  is,  to  a  large  extent,  conducted  into  the  blood 
and  distributed  by  it  throughout  the  body.  It  is  not  known 
whether  the  leucocytes  play  any  part  in  the  normal  nutrition 
of  other  cells,  although  it  is  probable  that  they  exercise  an 
influence  on  the  plasma  in  which  they  live ;  but  they  have 
most  important  functions  of  another  kind,  to  which  it  is 
necessary  to  refer  briefly  here. 

Phagocytosis, — Certain  of  the  amceboid  cells  of  blood  and 
lymph,  and  the  cells  of  the  splenic  pulp,  arc  able  to  include  or 
*eat  up'  foreign  bodies,  such  as  bacteria,  in  the  same  way  as 
the  amoeba  takes  in  its  food.  Such  cells  are  called  phago- 
cytes; and  it  is  to  be  remarked  that  this  term  neither  com- 
prises all  leucocytes  nor  excludes  all  other  cells,  for  some  fixed 
cells,  such  as  those  of  the  endothelial  lining  of  bloodvessels, 
are  phagocytes  in  virtue  of  their  power  of  sending  out  pro- 
toplasmic processes,  while  the  small,  immobile,  uninuclear 
leucocyte,  or  lymphocyte,  is  not  a  phagocyte. 

The  functions  of  phagocytes  are  not  necessarily  conhoed 
to  conditions  of  disease.  During  the  metamorphosis  of 
some  larvae,  groups  of  cilia  and  muscle -fibres  may  be 
ibsorbed  and  eaten  up   by  leucocytes.     In   the   metamor- 
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phosis  of  maggots,  for  example,  the  muscular  fibres  of  the 
abdominal  wall,  which  are  absent  from  the  adult  form,  are 
removed  in  this  way.  At  the  time  when  the  tail  of  the 
tadpole  disappears  multitudes  of  leucocytes  swarm  into  it, 
and  some  of  them  may  be  seen  with  fragments  of  muscle  or 
nerve  inside  them. 

But  the  behaviour  of  phagocytes  towards  pathogenic 
micro-organisms  is  of  extreme  interest  and  importance. 
Metschnikoff  laid  the  foundation  of  our  knowledge  of  this 
subject  by  his  researches  on  Daphnia,  a  small  crustacean 
with  transparent  tissues,  which  can  be  observed  under  the 
microscope.  When  this  creature  is  fed  with  a  fungus, 
Monospora,  the  spores  of  the  latter  find  their  way  into  the 
body-cavity.  Here  they  are  at  once  attacked  by  the  leuco- 
cytes, ingested,  and  destroyed.  But  after  a  time  so  many 
spores  get  through  that  the  leucocytes  are  unable  to  deal 
with  them  all ;  some  of  them  develop  into  the  first  or 
'  conidium  '  stage  of  the  fungus ;  the  conidia  poison  the 
lcucoc>'tes,  instead  of  being  liestroyed  by  them,  and  the 
animal  generally  dies.  Occasionally,  however,  the  leuco- 
cytes are  able  to  destroy  all  the  spores,  and  the  life  of  the 
Daphnia  is  preserved.  This  battle,  ending  sometimes  in 
victor^-,  sometimes  in  defeat,  is  typical  of  the  struggle  which 
the  phagocytes  of  higher  animals  and  of  man  seem  to 
engage  in  when  the  germs  of  disease  are  introduced  into 
the  organism.  Metschnikoff  believes  that  the  immunity  to 
certain  disexses  possessed  naturally  by  some  animals,  and 
which  may  be  conferred  on  others  by  vaccination  with  various 
protective  substances,  is,  to  a  large  extent,  due  to  the  early 
and  complete  success  of  the  phagocytes  in  the  fight  with 
the  bacteria  ;  and  that  in  rapidly-fatal  diseases^such  as 
chicken-cholera  in  birds  and  rabbits,  and  anthrax  in  mice 
— the  absence  of  any  effective  phagocytosis  is  the  factor 
which  determines  the  result.  Others  have  laid  stress  on 
the  action  of  protective  substances  supposed  to  exist  in 
the  h'ving  plasma  itself,  although  only  as  yet  demonstrated. 
if  at  all,  in  the  serum.  It  is  possible  that  such  substances 
are  manufactured  by  the  leucocytes,  and  that  they  are  the 
weapons   by  which  leucocytes   destroy  the  bacteria  they 
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ingest.  In  this  connection  it  is  of  interest  that  bodies  of 
proteid  nature  (all)umoses),  produced  in  the  growth  of 
bacteria  (anthrax  baciUi,  e.g.)  in  artificial  culture  media,  may, 
when  injected  into  the  blood,  confer  immunity  against  the 
bacteria  by  which  they  were  formed. 

Diapcdesis. — The  fact  that  leucocytes  can  pass  out  of  the 
bloodvessels  into  the  tissues  (Waller,  Cohnheim)  has  a  very 
important  bearing  on  the  subject  of  phagocytosis.  The 
phenomenon  is  called  diapedesis,  and  is  best  seen  when  a 
transparent  part,  such  as  the  web  of  the  frog,  is  irritated. 
The  first  effect  of  irritation  is  an  increase  in  the  flow  of  blood 
through  the  affected  region.  If  the  irritation  continues,  or  if 
it  was  originally  severe,  the  current  soon  begins  to  slacken, 
the  corpuscles  stagnate  in  the  vessels,  and  inflammatory 
stasis  is  produced.  The  leucocytes  adhere  in  large  numbers 
to  the  capillary  walls,  and  then  begin  to  pass  slowly  through 
them  by  amteboid  movements,  the  passage  generally  taking 
place  at  the  junctions  between  the  endothelial  cells.  Plasma 
is  also  poured  out  into  the  tissues,  the  whole  forming  an 
inflammatory  exudation.  Even  red  blood-corpuscles  may 
pass  out  of  the  vessels  in  small  numbers.  The  exudation 
may  be  gradually  reabsorbed,  or  destruction  of  tissue  may 
ensue,  and  a  collection  of  pus  be  formed.  The  cells  of  pus 
are  largely,  if  not  entirely,  emigrated  leucocytes. 


PRACTICAL  EXERCISES  ON  CHArFER  L 

N.B. — /ft  the  foihtowg  exercises  aU  experiments  oh  animals  which 
wtiuid  cause  pain  are  io  be  done  under  compfete  anccsihesia. 

1.  Blood -reaction. — With  a  dean  suture-nccdie  prick  one  of  ihe 
Augers  iKhind  the  nail.  Put  a  drop  of  bluod  on  a  piece  of  glazed 
neutral  litmus  jxiper ;  wash  off  in  lo  lo  30  seconds  with  water.  A 
blue  stain  will  Ije  left,  showing  that  fresh  blood  is  alkaline.  Or  soak 
a  piece  of  ordinary  litmus  paper  in  salt  solution.  Hut  a  drop  of 
blood  on  it.  The  .subsunccs  on  which  the  alkaline  reaction  de|Knds 
will  dIRuse  out  in  a  ring  around  the  drop,  while  the  Kb  remains  in 
its  original  position. 

2.  Specific  Gravity— (i)  Koys  A/c//wd.—TakG  25  small  bottles  con- 
taining mixtures  of  glycerine  and  water  of  specific  gravity  1027, 
I  029  .  .  .  1-070.     Begin  with  bottle  1*359.     Pour  a  little  of  the 
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liquid  iiuo  a  small  vessel.  Then  prick  the  finger  with  a  sharp,  clean 
suture-needle,  and  suck  up  n  small  drop  of  blood  into  the  horizontal 
limb  of  a  capillary  tube  with  a  rectangular  elbow.  Immerse  the 
horizontal  part  of  the  tube  in  the  glycerine  mixture  and  gently  blow 
the  drop  of  blood  into  it.  If  it  neither  rises  nor  sinks,  the  specific 
gravity  of  the  blood  is  1059.  If  it  sinks,  the  experiment  must  be 
repeated  with  a  mixture  of  higher  specific  gravity,  say  i'o6i  ;  if  it 
rises,  with  a  mixture  of  lower  speci6c  gravity,  say  1  057,  etc.  If  the 
drop  of  blood  rises  in  mixture  i  061  and  sinks  in  mixture  1059,  the 
speciAc  gravity  is  between  those  two  Hgures,  and  may  be  taken  as 
1*060. 

(2)  Put  a  mixture  of  chloroform  and  benzol  of  specific  gravity  1060 
into  a  small  glass  vessel.  Obtain  a  drop  of  blood  as  in  (i).  I'ut  it 
in  the  mixture.  If  it  sinks,  add  chloroform,  if  it  rises,  add  benzol, 
till  it  just  remains  suspirnded.  Then  with  a  small  hydrometer 
measure  the  specific  gravity  of  the  mixture,  which  is  now  equal  to 
that  of  the  blood. 

3.  Opacity  of  Blood  -TomakeBlood'Laky.'— Smear  a  little  blood 
on  a  glass  slide,  and  lay  the  slide  on  some  |)rinted  niatter.  It  will 
not  be  possible  to  read  it,  because  the  light  is  reflfctcd  from  the 
corpuscles  in  all  directions,  and  little  of  it  passes  through.  Now 
add  a  little  water  to  the  blood  and  mix.  The  Hb  is  dissolved  out  of 
the  corpuscles.  The  blood  becomes  transparent,  or  '  laky,'  and  the 
print  is  distinctly  seen  through  a  thin  layer  of  it 

4.  Ooatftilatioii  of  Blood. — (1)  Insert  a  cannula  into  the  central  end 
of  the  carotid  artcr>'  of  a  large  dog  anesthetized  with  moq>hia  and  ether 
(10  cc.  of  a  2  per  cent  solution  of  morphia  injected  suhcutaneously). 

To  pui  a  Cannula  into  an  Artery.  —  Feel  for  the  artery,  make  an 
incision  in  its  course  through  the  skin,  then  isolate  about  an  inch  of 
it  with  forceps  or  a  blunt  needle,  clearing  away  the  fascia  carefully. 
Next  pass  a  small  pair  of  forceps  under  the  artery,  and  draw  two 
ligatures  through  below  it.  If  the-cnnnula  is  now  to  be  inserted  into 
the  central  end  of  the  artery,  tie  the  ligature  which  is  farthest 
from  the  heart.  Then  between  the  heart  and  the  other  ligature 
compress  the  artery  with  a  pair  of  bulldog  forceps.  Now  lift  the 
artery  by  the  distal  ligature,  make  a  slit  in  it  with  a  pair  of  fine 
scissors,  and  insert  the  cannula,  previously  filled  with  normal  saline 
solution,  which  is  prevented  from  escaping  by  bulldog  forceps  that 
compress  the  indiarubber  tube  on  the  end  of  it.  Tie  the  ligature 
over  the  neck  of  the  cannula.  If  the  cannula  is  to  be  put  into  the 
distal  end  of  the  artery,  the  bulldog  must  be  put  on  before  the  first 
ligature  is  tied,  so  that  the  piece  of  bloodvessel  between  it  and  the 
ligature  may  be  full  of  blood,  as  this  facilitates  the  opening  of  the 
artery. 

<2)  Run  some  of  the  blood  from  the  animal  into  a  wide-mouthed 
jar.  Notice  that  it  begins  to  clot  in  a  minute  or  two,  and  very  soon 
the  vessel  can  be  inverted  without  spilling  the  blood.  After  a  time 
ihc  clot  contracts  and  squeezes  out  the  clear  yellow  serum. 

(3)  Take  a  small  thin  copper  or  brass  vessel,  and  place  it  in  a 
freezing  tnixlure  of  ice  and  salt.     Run  into  it  some  of  the  blood  from 
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the  arteiA'.  It  soon  freezes  to  a  hard  mass.  Now  take  the  vessel 
out  of  the  freezing  mixture  and  allow  the  blcxid  to  thaw  h  will  be 
seen  that  it  remains  liquid  for  a  short  time,  and  then  clots. 

(4)  Run  some  of  the  blood  into  a  porcelain  capsule,  stirring  il 
vigoroubty  with  a  glass  rod.  The  fibrin  collects  on  the  rod ;  the 
blood  is  dehbrinaicd  and  will  no  longer  clot. 

(5)  Take  two  glass  cylinders,  a  and  ^3.  In  «  put  50  cc.  of  a 
saturated  solution  of  magnesium  sulphate.  In  ^  put  25  cc.  of  o'> 
per  cent,  solution  of  potassium  oxalate  in  normal  saline.     Run  into 
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Fig.  12.— CENTMirur>K|Ji;NcV 

The  four  cylinders  shown  at  (he  top  of  ihe  fisurv  are  so  &wung  thai  they  become 
liorinonliil  ns  toon  ns  speed  is  got  up. 

each  cylinder  150  cc.  of  blood,  mix,  and  let  stand  in  a  cool  place  for 
twenty  four  hours.  The  corpuscles  settle  to  the  bottom,  and  the 
plasma  ('sailed  plasma'  from  u,  'decalcified  plasma'  from  /i)  may 
be  pipetted  or  siphoned  off;  or  the  plasma  may  be  separated  by 
means  of  a  centrifuge  (Fig.   12). 

(The  blood  may  also  be  obtained  directly  from  an  animal  at  the 
slaughterhouse. ) 

Now  let  the  dog  bleed  to  death.     Observe  that  the  flow  of  blood 
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is  temporarily  increased  by  making  pressure  on  tlie  abdominal  walls 
so  as  to  squeeze  il  towards  the  heart,  by  making  passive  pumping 
movements  wiih  the  hind  legs,  and  also  during  the  convulsions  of 
asphyxia,  which  soon  appear. 

(6)  Next  day  perform  the  following  experiments  with  the  salted  and 
decalcified  plasma  from  (5). 

(a)  Dilute  some  of  the  salted  plasma  in  six  test-tubes,  A,  B,  C, 
D,  E.  F,  with  ten  or  twelve  times  its  volume  of  water.  Add  to  C 
and  O  a  few  drops  of  the  solution  of  fibrin-ferment  provided,  and 
to  E  and  F  a  little  blood  serum.  Put  A,  C,  a.n(i  E  in  a  bath  at 
40'  C.  Leave  U,  I),  and  F  at  the  temperature  of  the  room.  In  a 
short  time  C  and  E  will  coagulate,  D  and  F  in  a  longer  lime  ;  A  and 
B  may  or  may  not  coagulate.     If  they  do,  A  will  coagulate  before  B. 

(0)  Put  sotne  of  the  decalcified  plasma  in  two  tesMubcs,  A'  and 
B'.  To  both  .add  a  few  drops  of  a  2  per  cent,  solution  of  calcium 
chloride.  Place  A'  in  a  hath  at  40'  C,  leave  B'  at  air  temperature. 
Both  coagulate,  but  A'  more  quickly  than  B'. 

5.  ribriii  Perment,  Preparation  of— Precipitate  blood-serum  with 
ten  times  its  volume  of  alcohol.  I.et  it  stand  for  several  weeks,  then 
extract  the  precipitate  with  water.  The  water  dissolves  out  the 
fibrin-ferment,  but  not  the  other  coagulated  proteids. 

6.  IntraTascular  Coagulation. --Put  a  cannub  into  the  external 
jugular  vem  of  a  rabbit  under  elher.  Close  the  india-rubber  tube  on 
the  cannula  by  a  small  piece  of  glass  rod.  Push  the  needle  of  a  large 
hypodermic  syringe  through  the  indiarubber,  and  inject  lo  to  30  cc. 
of  the  solution  of  tissue  fibrinogen  (nucleo-albumin)  provided  into 
the  vein.  In  a  short  time  extensive  coagulation  may  ensue  in  the 
bloodvessels,  and  death  may  follow  from  failure  of  respiration. 
Rapidly  open  the  thoracic  and  abdominal  cavities  and  observe  the 
distribution  of  the  clot  in  the  heart  and  vessels.  With  some  rabbits, 
especially  albinoSi  the  experiment  does  not  succeed. 

7.  Sernm. —  lest  the  reaction  and  take  the  s[>ecific  gravity. 
Senim  Proteids. — (i)  Saturate    scrum  with  magnesium    sulphate 

crystals  at  30'  C.  The  serum-globulin  is  precipitated.  Filter  off. 
Wash  the  precipitate  on  the  filter  with  a  saturated  solution  of  mag- 
nesium sulphate.  Dissolve  the  precipitate  by  the  addition  of  a  little 
distilled  water,  and  jierform  the  following  tests  for  globulins  :  (a) 
Saturate  with  magnesium  sulphate.  A  precipitate  is  obtained. 
((*)  Drop  into  a  large  quantity  of  water,  and  a  flocculent  precipitate 
falls  down,  (r)  Heat.  Coagulation  occurs.  Determine  the  tempera- 
ture of  coagulation. 

(3)  To  a  portion  of  the  filtrate  from  (1)  add  sodiun  sulphate  to 
saturation.  The  serum-albumin  is  precipitated.  (Neither  magnesium 
sulphate  nor  sodium  sulphate  precipitate  serum  albumin  alone,  but 
the  double  salt  sodio  magnesium  sulphate  precipitates  it,  and  this  is 
formed  when  sodium  sulphate  is  added  to  magneyium  sulphate.) 

(.^)  Dilute  another  portion  of  the  filtrate  from  (t)  with  its  own 
bulk  of  water.  Acidulate  with  dilute  acetic  acid,  and  determine  the 
temperature  of  heat  coagulation. 

(4)  Precipitate  the  serum-globulin  from  another  portion  of  serum 
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by  adding  to  it  an  equ.i1  volume  of  saturated  solution  oF  ammonium 
sulphate  (Kaudcr's  method).  Kilter.  Precipitate  the  scrum-albumin 
from  the  filtrate  by  saturating  with  ammonium  sulphate  crystals. 

(5)  Acidulate  some  serum  with  dilute  acetic  acid  and  boil.  Filler 
off  the  coagulum,  and  to  the  filtrate  add  silver  nitrate.  A  non-proteid 
precipitate  insoluble  in  nitric  acid  but  soluble  in  ammonia  indicates 
the  presence  of  chlorides. 

8.  OeU-free  Plasma. — This  can  be  obtained  by  running  horse's 
blood  into  a  tall  cylindrical  vessel  surrounded  by  a  freezing  mixture. 
As  soon  as  the  blood  is  cooled  to  o"  C.  and  the  red  corpuscles  have 
mostly  settled  to  the  bottom,  the  plasma  is  filtered  through  three 
folds  of  pa|K:r,  laid  on  a  double-walled  funnel  kept  cool  by  a  freezing 
mixture.  Not  only  the  red  and  white  blood-corpuscles,  but  also  the 
blood  plates,  are  retained  on  the  filter.  The  filtered  plasma,  freed 
from  all  formed  elements  in  this  way,  remains  fluid  for  a  considerable 
time  at  air  temperature,  but  ultimately  coagulates. 
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Fia.    13.— THONA-ZtlSS  HvEUOi-YTOMRThk. 

.V,  mouth-p(ece  of  lulw  <7,  by  which  blood  is  sucked  into  A' :  R.  bead  for  m 
<r.  vfpw  of  tlidc^  from  tbove;  b.  in  section  ;  (.  tqouvi  in  middle  or  B,  as  srctt 
microscope. 
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9.  Enumeration  of  the  Blood-corptUKlea — Use  the  Thoma-Zeiss 
apparatus  (Fig.  13).  I'riok  the  hngcr  to  obtain  a  drop  of  blood. 
.Suck  the  blood  up  into  the  capillary  lube  S  to  the  mark  1.  Wipe 
off  any  blood  which  may  adhere  to  the  end  of  the  tube.  Then  fill  it 
with  Hayem's  solution  (p.  21)  or  3  per  cent,  sodium  chloride  to  the 
mark  101.  I'his  represents  a  dilution  of  100  times.  Mix  the  blood 
and  solution  thoroughly,  then  blow  out  a  drop  or  two  of  the  liquid 
to  remove  all  the  solution  which  remains  in  the  capillary  lube-  Now 
fill  the  shallow  cell  B  with  the  blood  mixture.  Slide  the  cover-glass 
on.  taking  care  that  it  does  not  float  on  the  li(iuid,  but  that  the  cell 
is  exactly  filled.  Put  the  slide  under  the  microscope  (say  l.eitz's 
oc.  Ul.,  obj.  3),  and  count  the  number  of  red  corpuscles  \\\  not  less 
than  ten  to  twenty  squares.  The  greater  the  number  of  squares 
counted,  the  nearer  will  be  the  approximation  to  the  truth.  Now 
take  the  average  number  in  a  square.      The  depth  of  ihc  cell  is 
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,V  mm.,  the  area  of  each  square  ^\j^  sq.  mm.  The  volume  of  the 
column  of  liquid  standing  upon  a  square  is  -^^^  cub.  mm.  One 
cub.  mm.  of  the  diluted  blood  would  therefore  contain  4,000  times  as 
many  corpuscles  as  one  square.  Hut  Hie  blood  lias  been  diluted  too 
times,  therefore  i  cub.  mm.  of  the  undiluted  blood  would  contain 
400,000  times  the  number  of  corpuscles  in  one  square.  Suppose 
the  average  for  a  square  is  found  to  be  13.  This  would  corre- 
spond to  5,200,000  corpuscles  in  1  cub.  mm.  of  blood. 

10.  Blood  pigment. —(i)  Preparation  of  Hfiemoglobin  Crystals. 
Put  a  small  drop  {a)  of  rat's  and  {h)  of  guinea-pig's  blood  on  two 
slides.  Add  a  drop  of  Canada  balsam  and  cover.  Rhombic 
crystals  of  oxyHb  will  soon  form  in  the  rat's  blood,  and  tetrahcdrnt 
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hiG.  14.— bi'ECtkoscoi'ic  Examination  or  Bloud-i-igment. 

crystals  in  the  guinea  pig's  (Fig.  9).  These  preparations  can  be 
permanently  preserved.  Make  another  pair  of  preparations  by 
adding  water  on  the  slide  to  rat's  and  guinea-pig's  blood.  Put  on 
«he  cover-slip.  The  Hb  is  dissolved  out  and  cr>'stallizes  first,  as  the 
water  evaixtrates,  around  the  edges. 

(2)  Spectroscopic  Examination  of  Hb  and  its  DeriTatives — (^1) 
With  a  small,  direct-vision  spectroscoi>c  look  first  at  a  bright  part 
of  the  sky.  I'ocus  by  pulling  out  or  pushing  in  the  eyepiece  until 
the  numerous  fine  dark  lines  (Fraunhofer's  lines),  running  vertically 
across  the  spectrum,  are  seen.  Narrow  the  slit  by  moving  the  milled 
edge  till  the  lines  are  as  sharp  as  ihey  can  be  made*.    Note  especially 
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the  line  D  in  the  orange,  the  lines  E  and  /'  in  the  green  and  F  in  the 
blue.  Always  hold  the  spectroscope  so  that  the  red  is  at  the  left  of 
the  field.  Now  dip  a  wire  into  water  and  then  into  some  salt  or 
sodium  carbonate,  and  fasten  it  in  the  flame  of  a  fishtail  burner.  On 
examining  the  flame  with  the  spectroscope,  a  bright  yellow  line  will 
be  seen  occupying  the  position  of  the  dark  line  D  in  the  solar 
spectrum.  This  is  a  convenient  line  of  reference  in  the  spectruui, 
and  in  examining  the  spectra  of  hx-moglobin  and  its  derivatively  the 
position  of  the  absorption  bands  with  regard  to  the  U  line  should 
always  be  noted.  The  dark  lines  in  the  solar  spectrum  are  due  to 
the  absorption  of  light  of  a  definite  range  of  wave  len^hs  by  metals 
in  a  state  of  vapour  in  the  sun's  atmosphere,  and  of  course  no  dark 
lines  are  seen  in  the  spectrum  of  a  gas-flame.  Now  arrange  the 
spectroscope,  test-tube  and  gas-flame  on  a  stand  as  in  Fig.  14.  Half 
nil  the  test  tube  with  defibrinated  blood.  Nothing  can  be  seen 
with  the  spectroscope  till  the  blood  is  diluted.  Go  on  diluting  till, 
on  focussing,  two  btxnds  of  oxy-Hb  are  »ecn  in  the  position  indicated 
in  Fig.  S.  Draw  the  spectrum ;  then  dilute  still  more,  and  observe 
that  the  narrower  left-hand  band  persists  longer  than  the  broader  but 
less-defined  band  farther  to  the  right 

(^)  Add  a  drop  or  two  of  ammonium  sulphide  solution  to  reduce 
the  oxy-Hb.  A  single,  ill-defined  band  now  appears,  occupying  a 
position  midway  between  the  oxy-Hb  bands,  and  the  latter  disappear. 
This  is  (he  band  of  reJu<cd  Hh  (Fig.  8). 

(r)  Carbonic  Oxid^  Hh. — Pass  coal-gas  through  blood  for  a  consider- 
able time.  Examine  some  of  the  blood  (after  dilution)  with  the  spectro- 
scope. Two  bands,  almost  in  the  position  of  the  oxy-Hb  bands,  are 
seen  ;  but  no  change  is  caused  by  the  addition  of  ammonium  sulphide, 
since  carbonic  oxide  Hb  is  a  more  stable  compound  than  oxy-Hb. 

{ti)  Methixmoglobin. — Put  some  blood  into  a  test-tube,  add  a  few 
drops  of  a  dilute  solution  of  fcrricyanide  of  pota.s*iium.  and  heat 
gently.  On  diluting,  a  well-marked  band  will  be  seen  in  the  red.  On 
addition  of  ammonium  sulphide  this  band  disappears,  the  oxy-Hb 
bonds  are  seen  for  a  moment,  and  then  give  place  to  the  band  of 
reduced  Hb(Fig.  8). 

(f)  Acid//amatin.~~To  a  liitle  diluted  blood  add  acetic  acid  and 
heat  gently.  The  colour  becomes  brownish.  The  spectrum  shows 
a  band  in  the  red  between  C  and  D,  not  far  from  the  position  of  the 
band  of  mcthxmoglobin.  The  addition  of  a  drop  or  two  of  ammonium 
sulphide  causes  no  change  in  the  spectrum,  and  this  is  a  means  of 
distinguishing  acid-ha^matin  from  methfemoglobin.  If  much  am- 
monium sulphide  be  added,  alknti-hxmatin  may  be  formed.  This 
in  its  turn  may  be  reduced  by  an  excess  of  ammonium  sulphide,  and 
the  spectrum  of  hxmochroniogen  may  be  obtained  (Fig,  8). 

(/)  Aikaii-Hamaiin. — To  diluted  blood  add  acetic  acid  and  warm. 

Then,  when  the  spectroscopic  examination  shows  that  acidha:maiin 

has  been  formed,  neutralize  with  sodium  hydrate.     A  brownish  pre- 

>pitate  of  hxmatin  is  thrown  down,  which  dissolves  in  an  excess 

>)dium  hydrate,   giving  a  solution    uf  alkali  h.'ematin.      Or  the 

sodium  hydrate  may  be  added  to  blood  directly.     The  spectrum  of 
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alkali  hxmatin  is  a  broad  but  itldcfined  band  just  overlapping  the 
D  line,  and  situated  chiefly  to  the  red  side  of  ii  (Fig.  8). 

{g)  Hitmockromo^en. — To  a  solution  of  alkali-hEcmatin  add  a  drop 
or  two  of  ammonium  sulphide.  The  band  near  U  disappears,  and 
two  bands  make  their  appearance  in  the  green  (Fig.  8). 

(/r)  Hiemntoporphyritt. — To  blood  add  strong  sulphuric  acid. 
Filler  through  asbestos  and  examine  the  purple  liquid.  Its  spectrum 
shows  two  well-marked  bands,  one  just  to  the  left  of  U,  and  the 
other  midway  between  \^  and  E  (Fig.  8). 

(3)  OuaUcum  Test  for  Blood -pigment. — A  test  for  blood  pigment 
— much  used  in  hospitals,  and  indeed  a  delicate  one,  but  not 
always  trustworthy  unless  certain  precautions  be  taken — is  the 
gUAlACum  test.     A  drop  of  freshly-prepared  tincture  of  guaiacuro  is 


1*K..    15—1  Llr.lS<-HLi    ri.lM   iMl.  I  l.k. 

added  to  the  liquid  to  be  tested,  and  then  ozonic  ether  fperoxide 
of  hydrogen).  If  blood-pigment  be  present  the  guaiacum  strikes  a 
blue  colour  ;  but  other  *  oxygen-carriers  ' — e.g.y  fresh  vegetable  pro- 
toplasm—will cause  the  same  colour. 

(4)  Quantitative  Eetimation  of  Hsemoglobin — {a)  By  FteischFs 
Utimontiter  (Fig.  15). — Fill  that  compartment  a  of  the  small 
cylinder  (above  the  stage)  which  is  over  the  tinted  wedge  with  dis- 
tilled water.  Put  a  little  distilled  water  into  the  other  compartment  *i. 
Now  prick  the  finger  and  fill  one  of  the  small  capillary  tubes  with 
blood.  See  that  none  of  the  blood  is  smeared  on  the  outside  of  Ihc 
lube.  Then  wash  all  the  blood  into  the  water  in  compartment  «, 
and  fill  it  to  the  brim  with  distilled  water.  Then  by  means  of  the 
Qiilled  head  7*  move  the  tinted  wedge  A*  till  the  depth  of  colour  is 
the  same  in  the  two  compartments.  The  percentage  of  the  normal 
quantity  of  Hb  is  given  by  the  graduated  scale  P.     For  examplCt  if 
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the  reading  is  90,  the  blood  contains  90  per  cent,  of  the  nomial 
amount;  if  100,  it  contains  the  normal  quantity.  The  observations 
should  be  made  in  a  dark  room,  the  white  surface*  S^  arranged  below 
the  compartments  a  and  a\  being  illuminated  by  a  lamp.  It  is  best 
that  each  result  should  be  the  mean  of  two  readings,  one  just  too 
large  and  the  other  just  too  small. 

{b)  Hoppe-SeyUr's  Method. — Two  parallel-sided  glass  troughs  are 
used.  In  one  is  put  .1  standard  solution  of  oxy-Hb  of  known 
strength  ;  in  the  other  a  measured  quantity  of  the  blood  to  be  tested. 
Ilie  latter  is  diluted  with  water  until  its  tint  appears  the  same  as  that 
of  the  standard  solution,  when  the  troughs  arc  placed  side  by  side 
on  wliite  paper,  l-roni  the  quantity  of  water  added  it  is  easy  to 
calculate  the  proportion  of  haemoglobin  in  the  undiluted  blood. 
Greater  accuracy  is  said  to  be  obtained,  if  the  standard  solution  and 
the  Hb  of  the  blood  are  lx)th  converted  into  carbonic  oxide  Hb  by 
passing  a  stream  of  coal-gas  through  them. 

<5)  Microscopic  Test  for  Blood-pigment. — Put  a  drop  of  blood  on 
a  slide.  Heat  gently  over  a  fl-imc,  so  as  to  evaporate  the  water. 
Then  add  a  small  crystal  of  conimtjn  salt  and  a  drop  of  glacial  acetic 
acid  :  put  on  a  cover  glass,  and  aj^ain  heat  slowly  till  the  liquid  just 
l)egins  to  boil.  Take  the  slide  away  from  the  flame  for  a  few  seconds, 
then  heat  it  again  for  a  moment ;  and  repeat  this  process  two  or 
three  limes.  Now  let  the  slide  cool,  and  examine  with  the  micro- 
scope (high  poweri.  The  small  lilack,  or  brownish -black,  crjstals  of 
hxmin  will  be  seen  (Plate  I.,  3).  This  is  an  important  lest  where 
only  a  minute  trace  of  blood  is  to  be  examined,  as  in  some  medico- 
legal cases. 

A  blood-slain  011  a  piece  of  cloth  may  first  of  all  be  soaked  in  a 
small  quantity  of  distilled  water,  and  ihe  liquid  examined  with  the 
spectroscope  or  the  micro-spectroscope  (a  microscope  in  which  a 
small  spectroscope  is  substituted  for  the  eye-piece).  Then  e\'apo- 
rate  the  liquid  to  dryness  on  a  water-balh,  and  apply  the  hxmin 
test.  Or  perform  the  ha;min  test  directly  on  the  piece  of  cloth.  In 
a  fresh  slain  the  blood  corpuscles  might  be  recognised  under  the 
microscope,  afler  the  clolh  had  been  soaked  and  kneaded  in  a  little 
glycerine. 


CHAPTER  11. 
THE  CIBCITLATIOK  OF  THE  BLOOD  AHD  LTlfPH. 

The  blood  can  only  fuI61  its  functions  by  continual 
movement.  This  movement  implies  a  constant  transforma- 
tion of  energj- ;  and  in  the  animal  body  the  transformation 
of  energy  into  mechanical  work  is  almost  entirely  allotted  to 
a  special  form  of  tissue,  muscle.  In  most  animals  there 
exist  one  or  more  rhythmically  contractile  muscular  organs, 
or  hearts,  upon  which  the  chief  share  of  the  work  of  keeping 
up  the  circulation  falls. 

Oompai&tive. — In  Echinus  a  contractile  tube  connects  the  two 
uscular  nogs  that  suriound  the  beginning  and  end  of  the  alimentary 
canal,  and  plays  the  port  of  a  heart.  In  the  lower  Crustacea  and 
tQ  insects  the  heart  i>  simply  the  contractile  and  generally  sacculated 
docsal  bloodvessel ;  in  the  higher  crustacca,  such  as  the  lobster,  it  is 
a  wcll-defiocd  muscular  sac  situated  dorsally.  A  closed  vascular 
system  is  the  exception  among  invertebrates.  In  most  of  them  the 
biood  passes  from  the  arteries  into  irregular  spaces  or  lacuna;  in  the 
iissues,  and  thence  finds  its  way  back  to  the  heart.     Amphioxus, 

Klhe  lowest  vertebrate, 'has  a  primitive  lacunar  vascular  system  j  a 
contractile  dorsal  bloodvessel  serves  as  arterial  or  systemic  heart,  a 
contractile  ventral  vessel  as  venous  or  respiratory  heart.  From  the 
Inter,  vessels  go  to  the  gills.  Fishes  possess  only  a  respiratory  heart, 
a^nsisting  of  a  venous  sinus,  auricle,  and  ventricle.  This  drives  the 
ulood  to  the  gills,  from  which  it  is  gathered  into  the  aorta  :  it  has 
I  tbencc  lo  find  its  way  without  further  propulsion  through  the  systemic 
I  vessels.  Amphibians  have  two  auricles  and  a  single  ventricle  : 
^^epiiles,  two  auricles  and  two  incompletely-separated  ventricles.  In 
^Binis  and  mammals  the  respiratory  and  systemic  hearts  are  com- 
^Bleicly  separated.  The  former,  consisting  of  the  right  auricle  and 
^Hmtricte,  propels  the  blood  through  the  lungs  ;  the  latter,  consisting 
^Bf  the  left  auricle  and  ventricle,  receives  it  from  the  pulmonary  veins, 
^Ipid  Kods  it  through  the  systemic  vessels. 

[        General  View  of  the  Circulation  in  Han. — The  whole  circuit 
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of  the  blood  is  divided  into  two  portions,  very  distinct 
from  each  other,  both  anatomically  and  functionally — the 
respiratory  or  lesser  circulation,  and  the  systemic  or  greater 
circulation.  Starting  from  the  left  ventricle,  the  blood  passes 
along  the  systemic  vessels — arteries,  capillaries,  veins — and. 
on  returning  to  the  heart,  is  poured  into  the  right  auricle, 
and  thence  into  the  right  ventricle.  From  the  latter  it  is 
driven  through  the  pulmonary  artery  to  the  lungs,  passes 
through  the  capillaries  of  these  organs,  and  returns  through 
the  pulmonary  veins  to  the  left  auricle  and  ventricle.    The 


FiC.    l6.— DtAGXAH   UF   Till;  CJtN&KAU    Cut'K&E  OF  TllF.   ClMCUI.ATIOH. 

KA,  1.A,  right  and  left  auricles ;  RV.  LV,  r^ht  and  tefi  ventricles. 

portal  system,  which  gathers  up  the  blood  from  the  in- 
testines, forms  a  kind  of  loop  on  the  systemic  circulation. 
The  lymph-current  is  also  in  a  sense  a  slow  and  stagnant 
side-stream  of  the  blood  circulation;  for  substances  are  con- 
stantly passing  from  the  bloodvessels  into  the  lymph-spaces, 
and  returning,  although  after  a  comparatively  long  interval, 
into  the  blood  by  the  great  lymphatic  trunks. 

Physiological  Anatomy  of  the  Yaicnlar  Systein. — The  heart  is 
to  be  looked  upon  as  a  portion  of  a  bloodvessel  which  has 
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been  modified  to  act  as  a  pump  for  driving  the  blood  in  a 
definite  direction.  Morphologically  it  is  a  bloodvessel;  and 
the  physiological  property  of  rhythmical  contraction  which 
belongs  to  the  muscle  of  the  heart  in  so  eminent  a  degree 
is,  as  has  been  mentioned  on  page  53,  an  endowment  of 
bloodvessels  in  many  animals  that  possess  no  localized  heart. 
Even  in  some  mammals  contractile  bloodvessels  occur ;  the 
veins  of  the  bat's  wing,  for  example,  beat  with  a  regular 
rhythm,  and  perform  the  function  of  accessory  hearts. 

The  whole  vascular  system  is  lined  with  a  single  layer 
of  endothelial  cells.  In  the  capillaries  nothing  else  is 
present;  the  endothelial  layer  forms  the  whole  thickness  of 
the  wall.  In  young  animals,  at  any  rate,  the  endothelial 
cells  of  the  capillaries  are  capable  of  contracting  when 
stimulated;  and  changes  in  the  calibre  of  these  vessels  can 
be  brought  about  in  this  way.  The  walls  of  the  arteries  and 
veins  are  chiefly  made  up  of  two  kinds  of  tissue,  which 
render  them  distensible  and  elastic,  non-striped  muscular 
fibres  and  yellow  elastic  fibres.  The  muscular  fibres  are 
mainly  arranged  as  a  circular  middle  coat,  which,  especially 
in  the  smaller  arteries,  is  relatively  thick.  One  conspicuous 
layer  of  elastic  fibres  marks  the  boundary  between  the  middle 
and  inner  coats.  In  the  larger  arteries  elastic  lamina  are 
also  scattered  freely  among  the  muscular  fibres  of  the  middle 
coat.  The  outer  coat  is  made  up  chiefly  of  ordinary  con- 
nective tissue.  The  veins  differ  from  the  arteries  in  having 
thinner  walls,  with  the  layers  less  distinctly  marked,  and 
containing  a  smaller  proportion  of  non-striped  muscle  and 
elastic  tissue  ;  although  in  some  veins,  those  of  the  pregnant 
uterus,  for  instance,  and  the  cardiac  ends  of  the  large 
thoracic  veins,  there  is  a  great  development  of  muscular 
tissue.  Further,  and  this  is  of  prime  physiological  im- 
portance, valves  are  present  in  many  veins.  These  are 
semilunar  folds  of  the  internal  coat  projecting  into  the 
lumen  in  such  a  direction  as  to  favour  the  flow  of  blood 
towards  the  heart,  but  to  check  its  return.  In  some  veins 
there  are  no  valves;  for  example,  in  those  of  the  bones, 
internal  organs,  and  central  nervous  system.  The  valves  are 
especially  well  marked  in  the  lower  limbs,  where  the  venous 
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circulation  is  uphill.  When  a  valve  ceases  to  perform  its 
function  of  supporting  the  column  of  blood  between  it  and 
the  valve  next  above,  the  foundation  of  varicose  veins  is  laid; 
the  valve  immediately  below  the  incompetent  one,  having  to 
bear  up  too  great  a  weight  of  blood,  tends  to  yield  in  its 
turn,  and  so  the  condition  spreads.  The  smallest  veins,  or 
venules,  are  very  Hke  the  smallest  arteries,  or  arterioles, 
but  somewhat  wider  and  less  muscular.  The  transition 
from  the  capillaries  to  the  arterioles  and  venules  is  not 
abrupt,  but  may  be  considered  as  marked  by  the  appear- 
ance of  the  non-striped  muscular  fibres,  at  first  scattered 
singly,  but  gradually  becoming  closer  and  more  numerous  as 
we  pass  away  from  the  capillaries,  until  at  length  they  form 
a  complete  layer. 

In  the  heart  the  muscular  element  is  greatly  developed 
and  differentiated.  Both  histologically  and  physiologically 
the  fibres  seem  to  stand  between  the  striated  skeletal  muscle 
and  the  smooth  muscle.  In  the  mammal  the  cardiac 
muscular  fibres  are  made  up  of  short  oblong  cells,  devoid  of 
a  sarcolemma,  often  branched,  and  arranged  in  anastomosing 
rows.  Each  cell  has  a  single  nucleus  in  the  middle  of  it. 
The  fibres  are  transversely  striated,  but  the  stria;  are  not  so 
distinct  as  in  skeletal  muscle.  Many  fibres  pass  from  one 
auricle  to  the  other,  and  from  one  ventricle  to  the  other. 
The  auricles  and  ventricles  are  also,  in  some  mammals  at 
least,  connected  in  early  life  by  muscular  tissue  ;  and  even  in 
the  adult  traces  of  this  connection  may  persist  (Plate  I.,  4). 

In  the  frog's  heart  the  muscular  fibres  are  spindle-shaped, 
like  those  of  smooth  muscle,  but  transversely  striated,  like 
those  of  skeletal  muscle.  From  the  sinus  to  the  apex  of  the 
ventricle  there  is  a  continuous  sheet  of  muscular  tissue. 

The  problems  of  the  circulation  are  partly  physical,  partly 
vital.  Some  of  the  phenomena  observed  in  the  blood-stream 
of  a  living  animal  can  be  reproduced  on  an  artificial  model ; 
and  they  may  justly  be  called  the  physical  phenomena  of  the 
circulation.  Others  arc  essentially  bound  up  with  the  pro- 
perties of  living  tissues  ;  and  these  may  be  classified  as  the 
vital  or  physiological  phenomena  of  the  circulation.  The 
distinction,  although  by  no  means  sharp  and  absolute,  is  a 
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convenient  one — at  least,  for  purposes  of  description  ;  and  as 
such  we  shall  use  it  But  it  must  not  be  forgotten  that  the 
physiological  factors  play  into  the  sphere  of  the  physical, 
and  the  physical  factors  modify  the  physiological.  Con- 
sidered in  its  physical  relations,  the  circulation  of  the  blood 
is  the  flow  of  a  liquid  along  a  system  of  elastic  tubes,  the 
bloodvessels,  under  the  influence  of  an  intermittent  pressure 
produced  by  the  action  of  a  central  pump,  the  heart.  But 
the  branch  of  dynamics  which  treats  of  the  movement  of 
liquids,  or  hydrodynamics,  is  one  of  the  most  difficult  parts 
of  physics,  and,  in  spite  of  the  labours  of  many  eminent 
men,  is  as  yet  so  little  advanced  that  even  in  the  physical 
portion  of  our  subject  we  are  forced  to  rely  chiefly  on 
empirical  methods.  It  would,  therefore,  not  be  profitable  to 
enter  here  into  mathematical  theory,  but  it  may  be  well  to 
recall  to  the  mind  of  the  reader  one  or  two  of  the  simplest 
data  connected  with  the  flow  of  liquids  through  tubes  : 

Torricelli'8  Theorem. — Suppose  a  vessel  filled  wiih  water,  the  level 
of  which  is  kept  constant;  the  velocity  with  which  the  water  will 
escape  from  a  hole  in  the  side  of  the  vessel  at  a  vertical  depth  h 
t)clow  the  surface  will  be  r=  \^JS^,  where  ^  is  the  acceleration  pro- 
duced by  gravity.*  In  other  words,  the  velocity  is  that  which  the 
water  would  have  acquired  in  falling  in  vacuo  through  the  distance  //. 
This  formula  was  deduced  experimentally  by  Torncelli,  and  holds 
only  when  the  resistance  to  the  outflow  ts  so  small  as  to  be  ncgligahle. 
The  reason  of  this  restriction  will  be  eisily  seen,  if  we  consider  that 
when  a  mass  ni  of  water  has  flowed  out  of  the  opening,  and  an  equal 
mass  m  has  flowed  in  at  the  top  to  maintain  the  old  level,  everythmg 
is  the  same  as  before,  except  that  energy  of  position  equal  to  that 
possessed  by  a  mass  m  at  a  height  /i  has  di-iapi)eared  If  this  has 
lill  been  changed  into  kinetic  energy  E,  in  the  form  of  visible  motion 
of  the  escaping  water,  then  K  =  Aot."'-  -  rtig/iy  />.,  v  =  w/^gh.  If, 
however,  there  has  been  any  sensible  resistance  to  the  outflow,  any 
sensible  friction,  some  of  ihc  potential  energy  (energy  of  position), 
will  have  been  spent  in  overcoming  this,  and  will  have  ultimately 
been  transformed  into  the  kinetic  energy  of  molecular  motion,  or  heat. 

Next  let  a  horizontal  tube  of  uniform  cross-section  be  fitted  on  to 
the  orince.  The  velocity  of  outflow  will  be  diminished,  for  resist- 
ances now  come  into  play.  When  the  liquid,  flowing  through  a  tube 
wets  it,  the  layer  next  the  wall  of  the  tube  is  prevented  by  adhesion 
from  moving  on.  The  [articles  next  thi**  staiionary  layer  rub  on  it, 
so  to  speak,  and  are  retarded,  although  not  stop|>ed  altogether.     The 

^  /.f.,  the  amount  added  per  second  to  the  velocity  of  a  falling  body 
0-33  feet). 
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next  layer  rubs  on  the  comparatively  slowly  moving  particles  outside 
it,  and  is  also  delayed,  although  not  so  much  as  that  in  contact  with 
the  immovable  layer  on  the  walls  of  the  tube.  In  this  way  it  comes 
about  that  every  particle  of  the  liquid  is  hindered  by  its  friction 
against  others — those  in  the  axis  of  the  tube  least,  those  near  the 
periphery  most — and  part  of  the  energy  of  position  of  the  water  in 
the  reservoir  is  used  up  in  overcoming  this  resistance,  only  the 
remainder  being  transformed  into  the  visible  kinetic  energy  of  the 
liquid  escaping  from  the  open  end  of  the  tube. 

If  vertical  tubes  be  inserted  at  diflerent  points  of  the  horizontal 
tube,  it  will  be  found  that  the  water  stands  at  contmualty  decreasing 
heights  :is  we  pass  away  from  the  reservoir  towards  the  open  end  of  the 
tube.  The  height  of  the  liquid  in  any  of  the  vertical  tubes  indicates 
the  lateral  pressure  at  the  point  at  which  it  is  inserted;  in  other 
words,  the  excess  of  potential  energy,  or  enerj^y  of  jrosition,  which  at 
that  point  the  liquid  possesses  as  compared  with  the  water  at  the  free 
end,  where  the  pressure  is  zero.  Il  the  centre  of  the  cross-section  of 
the  free  end  of  the  tube  be  joined  to  the  centres  of  all  the  menisci,  it 


Fig. 
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will  be  found  that  the  line  is  a  straight  line.  The  lateral  pressure  at 
any  point  of  the  tube  is  therefore  proportional  to  its  distance  from  the 
free  end.  Since  the  same  quantity  of  water  must  pass  through  each 
cross-section  of  the  horizontal  tube  in  a  given  time  as  flows  out  at  the 
open  end,  the  kinetic  energy  of  the  liquid  at  every  cross-section  must 
be  constant  and  equal  to  ^»ii^,  where  v  is  the  mean  velocity  (the 
quantity  which  escapes  in  unit  of  time  divided  by  the  cross-section) 
of  the  water  at  the  free  end. 

Just  inside  the  orifice  the  total  energy  of  a  mass  m  of  water  is  mgh  ; 
just  beyond  it  at  the  first  vertical  tube,  mgk'  -^^mi^^  where  h'  is  the 
lateral  pressure.  On  the  assumption  that  between  the  inside  of  the 
orifice  and  the  first  lube,  no  energy  has  been  transformed  into  heat  (an 
assumption  the  more  nearly  correct  the  smaller  the  distance  between 
it  and  the  inside  of  the  orifice  is  made),  we  have  mgh-mgh' -^^mx'^, 
i.f.y  ^mi^=-mg{/t  -  h')  In  other  words,  the  portion  of  the  energy  ol 
position  of  the  water  in  the  reservoir  which  is  transformed  into  the 
kinetic  energy  of  the  water  flowing  along  the  horizontal  tube  is 
measured  by  the  difference  between  the  height  of  the  level  of  the 
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resen-'oir  and  the  lateral  pressure  at  the  beginning  of  the  horizontal 
tube — that  is,  the  height  at  which  the  straight  line  joining  the  menisci 
of  the  vertical  tubes  intersects  the  column  of  water  in  the  reservoir. 
Ixt  H  represent  the  height  corresponding  to  that  part  of  the  energy 
of  position  which  is  transformed  into  the  kinetic  energy  of  the  flow- 
ing water.  H  is  easily  calculated  when  the  mean  velocity  of  efflux 
is  known.  For  v  —  %/3^H  by  Torricelli's  theorem  (since  none  of  the 
energy  corresponding  to  H  is  supposed  to  be  used  up  in  overcoming 

faction),  or  H  =     '     At  the  second  tube  the  lateral  pressure  is  only 

h'.  The  sum  of  the  visible  kinetic  and  potential  energy  here  is 
therefore  \nrt^  •\- mgh' .  A  quantity  of  energy  mg{h'  —  h")  must  have 
been  transformed  into  heat  owing  to  the  resistance  caused  by  fluid 
friction  in  the  portion  of  the  horizontal  tube  between  the  first  two 
vertical  tubes.  In  general  the  energy  of  position  represented  by  the 
lateral  pressure  at  ^ny  point  is  equal  to  the  energy  used  up  in  over- 
coming the  resistance  of  the  portion  of  the  path  beyond  this  point. 

It  has  been  found  by  experiment  that  -',  the  mean  velocity  of  out- 
flow, when  the  lube  is  not  of  very  small  calibre,  varies  directly  as  the 
diameter,  and  therefore  the  volume  of  outflow  as  the  cube  of  the 
diameter.  In  fine  capillary  tubes  the  mean  velocity  is  proponional 
to  the  square,  and  the  volume  of  outflow  10  the  fourth  power  of  the 
diameter  (Poiseuille).  If,  for  example,  the  linear  velocity  of  the 
blood  in  a  capillary  of  10  /« in  diameter  is  ^  mm.  per  sec.  it  will  be 
four  tiroes  as  great  (or  2  mm.  per  sec.)  in  a  capillary  of  20  ^  diameter, 
and  one-fourth  as  great  (or  ~  mm.  per  sec.)  in  a  capillary  of  5  /i 
diameter,  the  pressure  being  supposed  equal  in  all.  The  volume  of 
outflow  per  second  is  obtained  by  multiplying  the  cross-section  by 
the  linear  velocity.  The  cross-section  of  a  circular  capillary,  10 /i 
in  diameter,  is  »"  (5  x -^5^)^= ,  say,  T^j^nr  sq.  mm.  The  outflow 
will  be  ^s  Jqo  X  .^  =  jjjno  ^"^*  f"™- P^^ ''^*^'  The  outflow  from  the 
capillary  of  20  ft  diameter  would  be  sixteen  times  as  much,  from 
the  5  ft  capillary  only  one  sixteenth  as  much.  Some  idea  of  the 
extremely  minute  scale  on  which  the  blood-flow  through  a  single 
capillary  takes  place,  may  be  obtained  if  we  consider  that  for  (he 
capillary  of  10  fi  diameter  a  flow  of  ^yootr  ^"^-  ^^'  P^'*  ^^^-  ^'<^u'<l 
scarcely  amount  to  i  cub.  mm.  in  six  hours,  or  to  i  cc,  in  250  days. 

When  the  initial  energy  is  obtained  in  any  other  way  than  by 
means  of  a  *  head '  of  water  in  a  reservoir — say,  by  the  descent  of  a 
piston  which  keeps  up  a  constant  pressure  in  a  cylinder  filled  with 
liquid— the  results  are  exactly  the  same.  Even  when  the  horizontal 
tube  is  distensible  and  clastic,  there  is  no  diflerence  when  once  the 
tube  has  taken  up  its  position  of  equilibrium  for  any  given  pressure, 
and  that  pressure  does  not  vary. 

Take  now  the  case  of  an  intermittent  pressure.  When  this  acts 
on  a  rigid  tube,  everything  is  the  same  as  before.  When  the  pressure 
alters,  the  flow  at  once  comes  to  correspond  with  the  new  pressure. 
Water  thrown  by  a  force-pump  into  a  system  of  rigid  tubes  escapes 
at  every  stroke  of  the  pump  in  exactly  the  quantity  in  which  it  enters, 
fur  water  is  practically  incompressible,  and  the  total  quantity  present. 
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at  one  time  in  the  system  cannot  be  sensibly  altered.  In  the  intervals 
between  the  strokes  the  flow  ceases  ;  in  other  words,  it  is  intermittent 
It  is  very  different  with  a  system  of  distensible  and  elastic  tubes. 
During  each  stroke  the  tubes  expand,  and  make  room  for  a  portion 
of  the  extra  liquid  thrown  into  them,  so  that  a  smaller  quantity  flows 
out  than  passes  in.  In  the  intervals  between  the  strokes  the  dis- 
tended tubes,  in  virtue  of  their  elasticity,  tend  to  regain  their  original 
calibre.  Pressure  is  thus  exerted  ujxjn  the  liquid,  and  it  continues 
to  be  forced  out,  so  that  when  the  strokes  of  the  pump  succeed  each 
other  with  sufficient  rapidity,  the  outflow  becomes  continuous.  This 
is  the  state  of  affairs  in  the  vascular  system.  The  inlermillent 
action  of  the  heart  is  toned  down  in  the  elastic  vessels  to  a  continuous 
steady  flow. 

The  Beat  of  the  Heart.— In  the  frog's  heart  the  contraction 
can  be  seen  to  begin  about  the  mouths  of  the  great  veins 
which  open  into  the  sinus  venosus.  Thence  it  spreads  in 
snccession  over  the  sinus,  auricles,  and  ventricle,  •being 
propagated  in  all  probability  as  a  muscular  wave,  without 
the  intervention  of  nerve-fibres.  In  the  mammalian  heart 
the  starting-point  of  the  contraction  is  likewise  the  mouths 
of  the  veins  opening  into  the  auricles,  which  are  richly  pro- 
vided with  muscular  fibres  akin  to  those  of  the  heart-  But 
the  wave  advances  so  rapidly  that  it  is  diflficult,  if  not  im- 
possible, to  trace  in  its  course  a  regular  progress  from  base 
to  apex,  although  the  ventricular  beat  undoubtedly  follows 
that  of  the  auricle,  and  the  capillary  electrometer  indicates 
that,  in  a  heart  beating  normally,  the  negative  change  asso- 
ciated with  contraction  begins  at  the  base  and  then  reaches 
the  apex.  It  is  not  definitely  known  how  in  the  mammal  the 
beat  of  the  ventricle  is  co-ordinated  with  that  of  the  auricle. 
The  alleged  absence  of  muscular  connection  has  led  to  a 
very  general  belief  that  the  link  is  of  nervous  nature;  but 
recent  work  makes  it  possible  that,  at  least  in  some  animals, 
the  contraction  wave  may  spread,  as  in  the  frog's  heart, 
along  fibres,  apparently  muscular,  which  interpenetrate  the 
ring  of  fibrous  tissue  between  the  auricles  and  ventricles 
(Kent). 

The  most  conspicuous  events  in  the  beat  of  the  heart,  in 
their  normal  sequence,  are  :  (i)  the  auricular  contraction  or 
systole;  (2)  the  ventricular  contraction  or  systole;  (j)  the 
oause   or   diastole.     The  auricles,  into  which,  and  beyond 
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which  into  the  ventricles,  blood  has  been  flowing  during  the 
pause  from  the  great  thoracic  veins,  contract  sharply.  The 
contraction  begins  in  the  muscular  rings  that  surround  the 
oriBces  of  the  veins,  so  that  these,  destitute  of  valves  as  they 
are,  are  sealed  up  for  an  instant,  and  regurgitation  of  blood 
into  them  is  prevented.  The  filling  of  the  ventricles  is 
thus  completed ;  their  contraction  begins  either  simul- 
taneously with  the  relaxation  of  the  auricles  or  a  little  before 
it,  the  mitral  and  tricuspid  valves  being  at  the  same  time 
floated  up  so  as  to  cover  the  auriculo-ventricular  orifices, 
and  prevent  the  backward  flow  of  blood  from  the  ventricles 
to  the  auricles.  The  free  edges  of  the  segments  .of  the 
valves  are  kept  close  against  each  other  by  the  pressure  of 
the  blood  in  the  contracting  ventricle,  and  prevented  from 
being  pushed,  up  into  the  auricle  by  the  chordae  tendinea; 
attached  to  the  papillary  muscles,  which  contract  along 
with  the  ventricle,  and,  in  spite  of  the  shortening  of  the 
latter,  keep  the  chorda:  taut.  During  their  contraction,  or 
systole,  the  ventricles  change  their  shape  in  such  a  way  that 
the  cross-section^which  in  the  relaxed  state  is  a  rough 
ellipse  with  the  major  axis  from  right  to  left — becomes 
approximately  circular,  and  they  then  form  a  right  circular 
cone.  As  soon  as  the  pressure  of  the  blood  within  the  con- 
tracting ventricles  exceeds  that  in  the  aorta  and  pulmonary 
artery  respectively,  the  semilunar  valves,  which  at  the 
beginning  of  the  ventricular  systole  are  closed,  yield  to  the 
pressure,  and  blood  is  driven  from  the  ventricles  into  these 
arteries. 

The  ventricles  are  more  or  less  completely  emptied  during 
the  contraction,  which  seems  still  to  be  maintained  for  a 
short  time  after  the  blood  has  ceased  to  pass  out.  The 
contraction  is  followed  by  sudden  relaxation,  regurgitation 
of  the  blood  from  the  aorta  and  pulmonary  arteries  being 
prevented  by  closure  of  the  semilunar  valves.  The  interval 
during  which  the  whole  heart  is  at  rest — i,c.t  the  interval 
between  the  end  of  the  relaxation  of  the  ventricles  and  the 
beginning  of  the  systole  of  the  auricles — constitutes  the 
pause.  The  whole  series  of  events  is  called  a  cardiac  cycle 
or  revolution  (see  '  Practical  Exercises,'  p.  150). 
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It  will  be  easily  understood  that  the  time  occupied  by  any 
one  of  the  events  of  the  cardiac  cycle  is  not  constant,  for 
the  rate  of  the  heart  is  variable.  If  we  take  about  70  beats 
a  minute  as  the  average  normal  rate  in  a  man,  the  ventricular 
systole  will  occupy  about  "3  second ;  the  ventricular  diastole, 
including  the  relaxation,  about  *5  second.  The  ventricular 
systole  may  be  divided  into  three  periods  of  pretty  nearly 
equal  length:  a  period  during  which  the  pressure  is  still 
insufficient  to  cause  the  opening  of  the  semilunar  valves; 
a  period  during  which,  these  valves  being  open,  the  blood  is 
forced  into  the  arteries;  and  a  further  period  during  which 
the  ventricle  remains  contracted.  The  systole  of  the  auricle 
is  one-third  as  long  as  that  of  the  ventricle. 

This  rhythmical  beat  of  the  heart  is  the  ground  phe- 
nomenon of  the  circulation.  It  reveals  itself  by  certain 
tokens — sounds,  surface-movements  or  pulsations,  alterations 
of  the  pressure  and  velocity  of  the  blood,  changes  of  volume 
in  parts  —  all  periodic  phenomena,  continually  recurring 
with  the  same  period  as  the  heart-beat,  and  all  funda- 
ment.-illy  connected  together.  And  if  we  hold  fast  the  idea 
that  when  we  take  a  pulse-tracing,  or  a  blood-pressure  cur\'e, 
or  a  plethysmographic  record,  we  are  really  investigating  the 
same  fact  from  different  sides,  we  shall  be  able,  by  following 
the  cardiac  rhythm  and  its  consequences  as  far  as  we  can 
trace  them,  to  hang  upon  a  single  thread  many  of  the  most 
important  of  the  physical  phenomena  of  the  circulation. 

The  Sound*  of  the  Heart. — When  the  ear  is  applied  to  the 
chest,  or  to  a  stethoscope  placed  over  the  cardiac  region, 
two  sounds  are  heard  with  every  beat  of  the  heart ;  they 
follow  each  other  closely,  and  are  succeeded  by  a  period  of 
silence.  The  dull  booming  'first  sound*  is  heard  loudest  in 
a  region  which  we  shall  afterwards  have  to  speak  of  as  that 
of  the  'cardiac  impulse'  (p.  64);  the  short,  sharp  'second 
sound  *  over  the  junction  of  the  second  right  costal  cartilage 
with  the  sternum. 

There  has  been  much  discussion  as  to  the  cause  of  the 
first  sound.  That  a  sound  corresponding  with  it  in  time 
is  heard  in  an  excised  bloodless  heart  when  it  contracts,  is 
certain ;  and  therefore  the  first  sound  cannot  be  exclusively 
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due,  as  some  have  asserted,  to  vibrations  of  the  auriculo- 
ventricular  valves  when  they  are  suddenly  rendered  tense 
by  the  contraction  of  the  ventricles,  for,  of  course,  in  a 
bloodless  heart  the  valves  are  rot  stretched.  Part  of  the 
sound  must  accordingly  be  associated  with  the  muscular 
contraction,  as  such.  As  wc  shall  see  (Chap.  IX.),  the  sound 
caused  by  a  contracting  muscle  is  probably,  in  part  at  least, 
a  resonance  tone  of  the  ear ;  and  therefore  there  is  no  diffi- 
culty in  understanding  how  a  simple  non-tetanic  contraction 
like  that  of  the  heart  should  give  rise  to  a  '  muscular'  sound 
of  definite  pitch.  But  there  is  undoubtedly  a  valvular  as 
well  as  a  muscular  factor  in  the  first  sound ;  and,  indeed, 
there  is  reason  to  believe  that  the  valvular  note  is  the 
essential  part  of  the  sound,  which  perhaps  acquires  its 
peculiar  booming  character  from  the  resonance  tones 
of  the  ear,  and  possibly  of  the  chest-wall,  set  up  by  the 
muscular  contraction.  Some  observers  (Rutherford  and  Hay- 
craft),  have  been  able  to  distinguish  in  the  first  sound  the 
valvular  and  the  muscular  elements,  the  former  being  higher 
in  pitch  than  the  latter,  but  a  minor  third  below  the  second 
sound.  Further,  when  the  mitral  valve  is  prevented  from 
closing  by  experimental  division  of  the  chordse  tendinca:, 
or  by  pathological  lesions,  the  first  sound  of  the  heart  is 
altered  or  replaced  by  a  'murmur.'  This  evidence  is  not 
only  decisive  as  regards  the  physiological  question,  but  of 
great  practical  interest  from  its  bearing  on  the  diagnosis  of 
cardiac  disease.  It  may  be  added  that  the  point  of  the 
chest-wall  at  which  the  first  sound  is  heard  loudest  is  also 
the  point  at  which  a  changed  sound  or  murmur  connected 
with  disease  of  the  mitral  valve  is  most  distinctly  heard. 
The  sound  is,  therefore,  best  conducted  from  the  mitral 
valve  along  the  heart  to  the  point  at  which  it  comes  in 
contact  with  the  wall  of  the  chest.  Changes  connected 
with  disease  of  the  tricuspid  valve  are  heard  best  in  the 
third  to  the  fifth  interspace  just  to  the  right  of  the  sternum, 
and  over  the  right  border  of  that  bone. 

The  second  sound  is  caused  by  the  vibrations  of  the  semi- 
lunar valves  when  suddenly  closed.  The  sharpness  of  its  note 
is  lost,  and  nothing  but  a  rushing  noise  or  bruit  can   be 
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heard,  when  the  valves  are  booked  back  and  prevented 
from  closing.  It  is  altered,  or  replaced  by  a  murmur  when 
the  valves  are  diseased.  As  there  is  a  mitral  and  a  tricuspid 
factor  in  the  6rst  sound,  so  there  is  an  aortic  and  a  pul- 
monary factor  in  the  second.  The  place  where  the  second 
sound  is  best  heard  (over  the  junction  of  second  right  costal 
cartilage  and  sternum)  is  that  at  which  any  change  pro- 
duced by  disease  of  the  aortic  valves  is  most  easily  recog- 
nised. The  sound  is  conducted  up  from  the  valves  along 
the  aorta,  which  comes  nearest  to  the  surface  at  this  point. 
Changes  connected  with  disease  of  the  pulmonarj*  \'alves 
are  most  readily  detected  over  the  second  left  intercostal 
space  near  the  edge  of  the  sternum. 
The  first  sound  is  *  systolic  * — that  is,  it  occurs  during  the 


Fig.  i8.— Uiagram  't  MAK^:^  b  t  akuUickapii. 

A.  knob  atltichcd  to  fleiihlc  membrTiiw!  tic4  over  end  of  mcul  b^x— ihc  knob 
Is  plicrd  over  the  Rpex  bent ;  C  is  ihe  folded  edge  oT  tlie  niem'^jrane  ;  B  U  the  lUbe 
commiinicailim;  with  a  recording  Uunbour. 

ventricular  systole ;  the  second  is  *  diastolic/  beginning  at 
the  commencement  of  the  diastole. 

The  Cardiac  Impulse. — A  surface-movement  is  seen,  or  an 
impulse  felt,  at  every  cardiac  contraction  in  various  situa- 
tions where  the  heart  or  arteries  approach  the  surface.  The 
pulsation,  or  impulse,  of  the  heart,  often  somewhat  loosely 
styled  the  apex-beat,  is  usually  most  distinct  to  sight  and 
touch  in  a  small  area  lying  in  the  fifth  left  intercostal  space, 
an  inch  and  a  half  to  the  sternal  side  of  a  vertical  line  drawn 
through  the  left  nipple.  It  is  due  to  the  systolic  hardening 
of  the  ventricles,  which  are  here  in  contact  with  the  chest- 
wail,  the  contact  being  at  the  same  time  rendered  closer  by 
their  change  of  shape,  and  by  a  slight  movement  of  rotation 
of  the  heart  from  left  to  right  during  the  contraction  (*  Prac- 
tical Exercises,*  p.  152).  The  very  apex  of  the  heart  does  not 
correspond  with  the  position  of  the  cardiac  impulse,  but  lies 
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somewhat  lower  in  the  chest.  Even  in  health  the  position 
of  the  iinpulse  varies  somewhat  with  the  position  of  the  body 
and  the  respiratory  movements.  In  disease  its  displacement 
is  an  important  diagnostic  sign,  and  may  be  very  marked, 
especially  in  cases  of  effusion  of  fluid  into  the  pleural  cavity. 
Various  instruments,  called  cardio^aphs,  have  been  devised 
for  magnifying  and  recording  the  movements  produced  by 
the  cardiac  impulse.  Marey's  cardiograph  consists  essenti- 
ally of  a  small  chamber,  or  tambour,  filled  with  air,  and 
closed  at  one  end  by  a  flexible  membrane  carrying  a  button. 


Fig.  19.— Cakijichjuam  IAKLN  WUIJ  Makivy's  Cauuiograph. 

A,  auHculAF  systole;  V,  ventTictilar  systole;  D,  diastole.     The  arrow  shows  the 
dlnKtion  in  which  the  tracing  is  to  be  read. 

which  can  be  adjusted  to  the  wall  of  the  chest.  This  receiv' 
in^  tambour  is  connected  by  a  tube  with  a  ri;cor^i»^  tambour, 
the  tlexible  plate  of  which  acts  upon  a  lever  writing  on  a 
travelling  surface—a  uniformly-rotating  drum,  for  example — 
covered  with  smoked  paper.  Any  movement  communicated 
to  the  button  forces  in  the  end  of  the  tambour  to  which  it  is 
attached,  and  thus  raises  the  pressure  of  the  air  in  it  and 
in  the  recording  tambour ;  the  flexible  plate  of  the  latter 
moves  in  response,  and  the  lever  transfers  the  movement 
lo  the  paper.  The  tracing,  or  cardiogram,  obtained  in  this 
way  shows  a  small  elevation  corresponding  to  the  auricular 
systole,  succeeded  by  a  large  abrupt  rise  corresponding  to 
the  beginning  of  the  flrst  sound,  and  caused  by  the  ven- 
tricular systole.  The  rise  is  maintained,  with  small  secondary 
oscillations,  for  about  '3  of  a  second  in  a  tracing  from  a 
normal  man,  then  gives  way  to  a  sudden  descent,  that  marks 
the  relaxation  of  the  ventricles,  the  beginning  of  the  second 
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sound,  and  the  closure  of  the  semilunar  valves.  An  inten-al 
of  about  '5  second  elapses  before  the  cun'c  begins  again  to 
rise  at  the  next  auricular  contraction. 

Endocardiac  Pressure. — The  function  of  the  heart  is  to 
maintain  an  excess  of  pressure  in  the  aorta  and  pulmonary 
artery  sufficient  to  overcome  the  friction  of  the  whole 
vascular  channel,  and  to  keep  up  the  flow  of  blood.  So 
long  as  the  semilunar  valves  are  closed,  most  of  the  work 
of  the  contracting  ventricles  is  expended  in  raising  the 
pressure  of  the  blood  within  them.  At  the  moment  when 
blood  begins  to  pass  into  the  arteries,  nearly  all  the  energj- 
of  this  blood  is  potential:  it  is  the  energy  of  a  liquid  under 


Fig.  aa — Cuxvica  op  iiNuucAKUiAC  Pkessukk  TAhE>r  with  Cakdiai:  Soundk. 

Aur„  auricular  curvt^s  ;  AVjw/.,  venlricular  citrt'CS  ;  AS,  period  of  auricular  sj'slt^  ; 
VS.  of  veairicuUr  Sjrstole  ;  I),  diastole. 

pressure.  During  a  cardiac  cycle  the  pressure  in  the  cavities 
of  the  heart,  or  the  endocardiac  pressure,  varies  from  moment 
to  moment,  and  its  variations  afford  important  data  for  the 
study  of  the  mechanics  of  the  circulation. 

Chauveau  and  Marey  obtained  tracings  of  the  variations 
of  endocardiac  pressure  by  means  of  their  cardiac  sound. 
This  consists  of  an  ampulla  of  thin  indiarubber,  supported 
on  a  framework  and  communicating  with  a  long  tube,  which 
is  connected  with  a  recording  tambour.  The  sound  is 
pushed  through  the  jugular  vein  till  the  ampulla  lies  in  the 
right  auricle  or  ventricle  (of  a  horse),  or  through  the  carotid 
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and  aorta  till  it  lies  in  the  left  ventricle.  Another  form  of 
sound  has  two  ampullae,  placed  at  such  a  distance  from  each 
other  that  when  one  is  in  the  right  ventricle  the  other  is  in 
the  auricle  of  the  same  side.  Each  ampulla  communicates 
by  a  separate  tube  in  the  common  stem  of  the  instrument 
with  a  recording  tambour,  and  the  writing  points  of  the  two 
tambours  are  arranged  in  the  same  vertical  line.  When 
any  change  in  the  blood-pressure  takes  place,  the  degree 
of  compression  of  the  ampullae  is  altered,  and  the  change  is 
transmitted  along  the  air-tight  connections  to  the  recording 
tambours.  Simultaneous  records  of  the  changes  in  the 
blood-pressure  in  the  right  auricle  and  ventricle,  obtained  in 
this  way,  indicate  a  sudden  rise  of  the  auricular  pressure 
corresponding  with  the  auricular  systole,  followed  by  a 
sudden  fall.     This  is  represented  on  the  ventricular  curve 


Pig.  at. — Diagram  uv  (..'akuiac  Suund  tus  Siuui/i'ANF.otJs  Recikthation-  ot- 

EnOOCAKUIAC  PHESSUBE  IK  AUMICLtv  AND  VENTRICLE, 

A,  plastic  vDpoUa.  (or  auricle  :  V  for  ventitde ;  T,  tub«s  connected  with  recording 
uinbour& 

by  a  smaller  elevation,  which  shows  that  the  pressure  in 
the  ventricle  has  been  raised  somewhat  by  the  blood  driven 
into  it  from  the  auricle.  Then  follows  immediately  a  great 
and  abrupt  increase  of  ventricular  pressure,  the  result  of  the 
S)'Stole  of  the  ventricle.  This  elevation  remains  for  some 
lime  at  the  maximum,  and  then  the  curve  suddenly  sinks  as 
the  ventricle  rela.xes.  Near  the  bottom  of  the  descent  there 
is  a  slight  elevation,  due,  as  Marey  supposes,  to  the  closure 
of  the  semilunar  valves,  which  causes  a  better-marked  and 
simultaneous  elevation  in  the  curve  of  aortic  pressure  when 
this  is  registered  by  means  of  a  sound  passed  into  the  aorta 
through  the  carotid  artery.  Both  the  auricular  and  ven- 
tricular curves  now  begin  again  to  rise  slowly,  showing  a 
gradisal  increase  of  pressure  as  the  blood  flows  from  the 
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great  veins  into  the  auricle,  and  through  the  tricuspid  orifice 
into  the  ventricle.  This  slow  rise  continues  till  the  next 
auricular  systole. 

A  tracing  of  the  cardiac  impulse,  taken  at  the  same  time 
by  means  of  a  cardiograph,  follows  the  curve  of  ventricular 
pressure  with  considerable  closeness,  showing  the  same  slow 
ascent  during  diastole,  the  same  slight  elevation  corre- 
sponding to  the  auricular  systole,  a  great  and  sustained 
rise  during  the  contraction  of  the  ventricle,  and  even  a 
slight  indication  of  the  closure  of  the  semilunar  valves. 
Marey  states  that  before  closure  of  the  semilunar  valves, 
especially  when  the  arterial  blood -pressure  has  been  lowered, 
as  by  running  for  a  few  minutes  or  by  nitrite  of  amyl,  and 
the  discharge  of  blood  from  the  ventricles  is,  therefore, 
rendered  abrupt,  secondary  waves  (p.  72)  set  up  in  the 
pulmonary  artery  and  the  aorta  by  that  discharge  may  react  ■ 
through  the  unclosed  orifices  upon  the  ventricles,  and  cause 
small  undulations  in  the  endocardiac  pressure,  visible  also 
on  the  tracings  of  the  cardiac  impulse.  ■ 

The  method  of  Chauveau  and  Marey  is  well  suited  for 
recording  changes  of  pressure,  but  not  so  suitable  for  giving 
absolute  measurements,  although  by  experimental  graduation 
of  the  instruments  these,  too,  can  be  obtained. 

Roy  and  Rolleston  used  a  lever,  connected  with  a  piston 
working  in  a  cylinder,  as  a  recording  apparatus.  The  endo- 
cardiac pressure  was  directly  communicated  to  the  piston  by 
connecting  the  cylinder  with  the  interior  of  the  heart  either 
by  means  of  a  cannula  introduced  through  one  of  the  great 
vessels,  or  by  a  hollow  needle  or  trocar  pushed  through  the 
ventricle  or  auricle.  ■ 

For  certain  purposes  it  is  important  to  know  the  maximum! 
and  minimum  pressure  in  the  heart  during  a  cardiac  cycle, 
and  with  this  object  Goltz  and  Gaule  constructed  their 
maximum  and  minimum  manometer.  This  consists  of  an 
ordinary  mercurial  manometer  (p.  80),  with  a  valv^  in  the 
connection  between  it  and  the  heart.  This  valve  can  be 
arranged  so  as  to  oppose  the  passage  of  blood  from  the  mano- 
meter towards  the  heart,  while  it  allows  it  to  pass  in  thefl 
opposite  direction.    The  apparatus  then  acts  as  a  maximum 
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manometer.  If  the  direction  of  the  valve  is  reversed,  it  acts 
as  a  minimum  manometer.  HUrthle  has  lately  improved 
upon  this  by  constructing  a  manometer  that  allows  both 
the  maximum  and  the  minimum  pressure  to  be  read  at  the 
same  time.  Goltz  and  Gaule  found  in  the  dofj  during  the 
systole  a  maximum  pressure  in  the  left  ventricle  of  (in  round 
numbers)  140  mm.  of  mercury,  and  in  the  right  ventricle  and 
auricle  60  mm.  and  20  mm.  respectively.  A  minimum 
pressure  of  —50  to  —  20  mm.  was  seen  in  the  left  ventricle^ 
and  a  smaller  minimum  pressure  in  the  right  ventricle  and 
right  auricle.  Part  of  this  negative  pressure  maybe  ascribed 
to  the  general  fall  of  pressure  in  the  thoracic  cavity  when 
the  chest  expands  in  inspiration  (Chap.  III.).  Whether  the 
heart  itself,  and  particularly  the  left  ventricle,  has  any  power 
of  aspiration  when  it  suddenly  relaxes,  has  been  much  dis- 
cussed. Some  have  denied  altogether  the  existence  of  such 
a  power,  but  it  would  seem  that,  in  a  vigorous  heart  at  any 
rate,  a  negative  pressure  or  suction  is  really  exerted,  even 
after  the  thorax  has  been  opened  and  the  influence  of  the 
respiratory  movements  eliminated. 

The  Pulse.— At  each  contraction  of  the  heart,  a  quantity 
of  blood,  probably  varjnng  within  rather  wide  limits  (p.  106), 
is  forced  into  the  already-full  aorta.  If  the  walls  of  the 
bloodvessels  were  rigid,  it  is  evident  (p.  59),  that  exactly  the 
same  quantity  would  pass  at  once  from  the  veins  into 
the  right  auricle.  The  work  of  the  ventricle  would  all  be 
spent  within  the  time  of  the  systole,  and  only  while  blood 
was  being  pumped  out  of  the  heart  would  any  enter  it. 
Since,  however,  vessels  are  extensible,  some  of  the  blood 
forced  into  the  aorta  during  systole  is  heaped  up  in  the 
arteries,  beyond  which,  in  the  capillaries,  with  their  rela- 
tively great  surface,  the  chief  resistance  to  the  blood-flow 
lies.  The  arteries  are  accordingly  distended  to  a  greater 
extent  than  before  the  systole,  and,  being  elastic,  they 
keep  contracting  upon  their  contents  until  the  next  systole 
over-distends  them  again.  In  this  way,  during  the  pause 
the  walls  of  the  arteries  are  executing  a  kind  of  elastic 
systole,  and  driving  the  blood  on  into  the  capillaries.  The 
work  done  by  the  ventricle  is,  in  fact,  partly  stored  up  as 


70 


A  MANUAL   OF  PHYSrOLOGY, 


potential  energy  in  the  tense  arterial  wall,  and  this  energy 
is  being  continually  transformed  into  work  upon  the  blood 
during  the  pause,  the  heart  continuing,  as  it  were,  to  con- 
tract by  proxy  during  its  diastole.  Thus,  the  blood  pro- 
gresses along  the  arteries  in  a  series  of  waves,  to  which  the 
name  of  *  blood-waves '  or  '  pulse-waves '  may  be  given. 
Wherever  the  pulse-wave  spreads  it  manifests  itself  in 
various  ways^by  an  increase  of  blood-pressure,  an  increase 
in  the  mean  velocity  of  the  blood-flow,  an  increase  in  the 
volume  of  organs,  and  by  the  visible  and  palpable  signs  to 
which  the  name  of  pulse  is  commonly  given  in  a  restricted 
sense.  The  intermittcnce  in  the  flow  with  which  the  pulse- 
wave  is  necessarily  associated  is  at  its  height  at  the  begin- 
ning of  the  aorta.  In  middle-sized  arteries,  such  as  the 
radial,  it  is  still  well  marked,  but  it  dies  away  as  the  capil- 
laries are  reached,  and  only  under  special  conditions  passes 
on  into  the  veins. 

The  pulM  was  well  known  to  the  Greek  physicians,  and 
used  by  them  to  a  certain  extent  as  an  indication  in  practical 
medicine.  Harvey  demonstrated  with  some  clearness  the 
relation  of  the  pulse  to  the  contraction  of  the  heart,  but 
Thomas  Young  was  the  first  to  form  a  proper  conception  of 
it  as  the  outward  token  of  a  wave  propagated  from  heart  to 
periphery. 

When  the  finger  is  placed  over  a  superficial  artery  like  the 
carotid,  the  radial  or  the  temporal,  a  throb  or  beat  is  felt. 
which,  without  measurement,  seems  to  be  exactly  coinci- 
dent with  the  cardiac  impulse.  In  certain  situations  the 
pulse  can  be  seen  as  a  distinct  rhythmical  rise  and  fall  of 
the  skin  over  the  vessel.  The  throbbing  of  the  carotid* 
especially  after  exertion,  is  familiar  to  everyone,  and  the 
beat  of  the  ulnar  artery  can  be  easily  rendered  visible  by 
extending  the  hand  sharply  on  the  wrist.  When  the  pulse 
is  felt  by  the  finger,  it  is ,  not  the  expansion,  but  the 
hardening  of  the  wall  of  the  vessel  due  to  the  increase  of 
arterial  pressure,  that  is  perceived ;  and  even  a  superficial 
artery  when  embedded  in  soft  tissues  so  that  it  cannot  be 
compressed,  gives  no  token  of  its  presence  to  the  sense  of 
touch.     Sometimes  an  artery  is  longitudinally  extended  by 
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the  pulse-wave,  and  this  extension  may  be  far  more  con- 
spicuous than  the  lateral  dilatation.  This  is  particularly 
seen  wheji  one  point  of  the  vessel  is  fixed  and  a  more  distal 
point  offers  some  obstniction  to  the  blood-flow,  as  at  a  bifur- 
cation, or  in  an  artery  which  has  been  ligatured  and  divided. 
By  means  of  the  sphygmograph,  tlie  lateral  movements  of 
the  arterial  wall,  or,  rather,  in  man,  the  movements  of  the 
skin  and  other  tissues  lying  over  the  bloodvessel,  can  be 
ma^ni5ed  and  recorded.  It  would  be  very  unprofitable  to 
enumerate  all  the  sphygmographs  which  ingenuity  has  in- 
vented and  found  names  for.  The  first  rude  attempt  to 
magnify  the  movements  of  the  pulse  was  made  by  loosely 
attaching  a  thin  fibre  of  glass  or  wax  to  the  skin  with  a 
little  lard,  in  order  to  demonstrate  the  venous  pulse  which 
appears  under  certain  conditions.     \'ierordt   improved  on 


hij.  22. — Selltilfc  ut  MAkfc.Y'S  bi-IIiuMOGKAl'll. 

A,  Toothed  uhcel  connected  with  aalu  H,  And  gearing  into  toothed  upright  G  ; 
C.  ivovy  pad  which  rests  ovrr  MoodvesMsl  and  h  pressed  on  it  by  moving  O,  a  screw 
puaing  inrough  the  spring  j  ;  E,  wntlng  lever  attached  to  axit*  \\.  and  luovtd  bjr  its 
rol^iioQ  -,  E  writes  on  D,  a  (ravelling  surface  moved  by  clockwork  F. 

this  by  using  a  counterpoised  lever  writing  on  a  blackened 
surface.  But  the  inertia  of  the  lever  was  so  great  that  the 
finer  features  of  the  pulse  were  obscured.  In  all  modern 
sphygmographs  there  is  a  part,  usually  button-shaped,  which 
is  pressed  over  the  artery  by  means  of  a  spring,  as  in  Marey's 
and  Dudgeon's  sphygmographs,  or  by  a  weight,  or  by  a 
column  of  liquid.  In  Marey's  instrument,  the  button  acts 
upon  a  toothed  rod  gearing  into  a  toothed  wheel,  to  which 
a  lever,  or  a  system  of  levers,  is  attached.  The  lever  has 
a  writing-point  which  records  the  movement  on  a  smoked 
plate,  or  a  plate  covered  with  smoked  paper,  drawn  uni- 
formly along  by  clockwork.  Brondgecst's  pansphygmograph 
is  a  particular  application  of  Marey's  tambours,  for  receiving 
and  registering  the  movement  of  the  pulse,  as  is  Marey's 
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own   '  sphygmograph   of  transmission.'     ('  Practical  Exer- 
cises/ p.  159.) 

In  a  normal  pulse-tracing  (Fig.  23)  the  ascent  is  abrupt 
and  unbroken ;  the  descent  is  more  gradual,  and  is  inter- 
rupted by  one>  two,  or  even  three  or  more,  secondary  wave- 
lets. The  most  important  and  constant  of  these  is  the  one 
marked  3,  which  has  received  the  name  of  the  dicrotic  wave. 
Usually  less  marked,  and  sometimes  absent,  is  the  wavelet  2 
between  the  dicrotic  elevation  and  the  apex  of  the  curve. 
It  is  generally  termed  the  predicrotic  wave.  Following  the 
dicrotic  wave  are  sometimes  seen  one  or  more  ripples, 
which  have  been  called  elastic  elevations. 


i-iti.  a>— I'L'Lat  Tracings. 

I.  i'rimary  elevation  ;  a,  predicrotic  or  6r5(  tidal  wnvc;  3,  dicroUc  wave.  Ttie 
d^ire&sion  between  3  nnd  3  i»  the  dicrotic  or  aurlJc  notch  :  3  is  heiter  inarked  Id  B 
Ihwi  Id  a.  C,  dicrotic  pulse  with  low  Arterial  pnuure  ;  D.  pul&c  with  high  arteiiitl 
presure — summit  of  primary  clev^iiion  In  the  form  of  an  ascending  platemi.  E,  syf  lolic 
aoacroiic  pulse  ;  the  Hcoodary  wavrtcl  a  occurs  during  the  upurokc  cnrrrspoDding  to 
the  ventricular  syjtole.  V.  presystolic  anacrotic  pulse  .  fi  occurs  Jutt  before  the  systole 
of  (he  ventricle.  ThU  is  a  rarer  Torm  of  atiactotitni.  a  may  sontclimrs  be  due  to  the 
auricular  sy&iolc  when  the  aortic  valves  arc  inconpetenu 

In  the  explanation  of  the  pulse-tracing,  a  fundamental 
fact  to  be  borne  in  mind  is  the  elasticity  of  the  vessels. 
When  a  wave  of  increased  pressure  passes  along  a  rigid  tube 
with  open  ends,  it  dies  away  at  the  ends,  and  is  followed  by 
no  secondary  waves.  But  when  the  tube  is  elastic,  the 
primary  wave  is  necessarily  followed  by  secondary  waves, 
the  whole  system  passing  through  a  series  of  vibrations  to 
regain  its  original  position.  The  period  of  these  vibrations 
being  sensibly  constant  for  a  given  condition  of  the  system^ 
1%  will  depend  upon  the  length  of  this  period,  the  interval 


i 


THE  CIRCULATION  OF  THE  BLOOD  AND  LYMPH.     73 

between  two  successive  strokes  of  the  pump,  and  the  rate  at 
which  the  amplitude  of  the  vibration  declines,  how  many 
secondary  wavelets  will  be  seen  on  a  given  pulse-curve. 
Such  secondary  waves  of  oscillation,  produced  in  an  artificial 
scheme  of  elastic  tubes  attached  to  a  valveless  pump,  are 
propagated  in  the  same  direction  and  with  the  same  velocity 
as  the  primary  wave,  and  there  seems  to  be  little  doubt  that 
the  secondary  waves  of  the  pulse-curve,  or-  at  least  the 
dicrotic  wave,  are  due,  in  part  at  any  rate,  to  oscillations  of 
this  kind.  The  dicrotic  wave  is  always  separated  by  the 
same  interval  of  time  from  the  primary  elevation,  frftlfcwhat- 
ever  part  of  the  arterial  system  the  tracing  may  be  taken. 
This  can  only  be  explained  by  supposing  that  it  has  the 
same  point  of  origin,  and  travels  with  the  same  velocity  and 
in  the  same  direction  as  the  primary  wave,  just  as  a  wave  of 
oscillation  would  do.  It  seems  scarcely  possible  to  maintain 
any  longer  the  peripheral  origin  of  this  wave,  and  the  only 
question  remaining  is,  in  what  manner  precisely  it  arises 
at  the  centra)  end  of  the  arterial  system.  As  to  this,  several 
views  have  been  held,  (i)  Some  say  that  the  contraction 
of  the  over-distended  aorta  upon  the  blood  sets  up  a  wave 
of  increased  pressure,  which  is  intensified  by  the  sudden 
closure  of  the  semilunar  valves,  towards  the  end  of  the 
ventricular  systole  or  the  beginning  of  diastole,  (2)  Others 
maintain  that  the  column  of  blood  in  the  aorta  tends  still 
to  move  on,  in  virtue  of  its  inertia,  after  the  outflow  from 
the  left  ventricle  has  suddenly  ceased,  and  that  a  diminution 
of  pressure,  accompanied  with  a  corresponding  contraction 
of  the  aorta,  takes  place  behind  it.  This  contraction,  as 
always  happens  in  an  elastic  system,  goes  too  far,  and  is 
followed  by  an  expansion,  which  is  propagated  as  the 
dicrotic  wave.  (3)  Stress  has  recently  been  laid  on  the  part 
played  by  the  sudden  relaxation  of  the  ventricle  in  diastole 
in  the  production  of  the  dicrotic  wave.  While  the  semi- 
lottar  valves  are  still  for  an  instant  incompletely  closed, 
the  contents  of  the  aorta  arc  supposed  to  be  sucked  back 
towards  the  heart  by  the  aspiration  of  the  relaxing  ventricle. 
A  wave  of  diminished  pressure,  represented  in  the  pulse- 
curve   by    the    'aortic    notch/    and   followed   by    a    com- 
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pensatory  elevation,  the  dicrotic  wave,  is  thus  set  up 
(Pick). 

On  the  whole,  it  seems  best  to  consider  the  dicrotic  wave 
as  a  secondary  oscillation,  reinforced,  perhaps,  by  the  sudden 
closure  of  the  semilunar  valves  ;  while  the  predicrotic  wave 
is  probably  an  oscillation  of  a  similar  character,  but  perhaps 
without  a  valvular  element. 

The  prominence  of  the  dicrotic  wave  varies  with  the 
abruptness  of  discharge  of  the  ventricle  and  the  extensibility 
of  the  arteries.  The  conditions  are  usually  favourable  when 
the  arterial  pressure  is  low;  for  then  the  heart  is  able  to 
empty  itself  more  rapidly,  and  the  vessels,  beinj;  already 
only  moderately  stretched,  are  easily  distended  further. 
And,  in  fact,  an  exaggeration  of  the  dicrotic  wavelet  may 
be  artificially  produced  by  nitrite  of  amyl,  a  drug:  which 
lessens  the  blood-pressure  by  dilating  the  small  arteries.  A 
strong  heart-beat  and  low  blood-pressure  present  the  ideal 
conditions  for  a  marked  dicrotic  pulse.  On  the  other  hand, 
in  certain  diseases  associated  with  a  high  arterial  pressure 
the  dicrotic  elevation  almost  disappears.  Atheromatous 
arteries,  being  very  inextensible,  do  not  allow  a  dicrotic 
pulse. 

Since  the  pulse  represents  a  periodical  increase  and 
diminution  in  the  amount  of  distension  of  an  artery  at  any 
point,  the  line  joining  all  the  minima  of  the  pulse-curve  will 
vary  in  its  height  above  the  base-line,  or  line  of  no  pressure, 
according  to  the  amount  of  permanent  distension,  t.r., 
permanent  blood-pressure,  which  the  heart  in  any  given 
circumstances  is  able  to  maintain.  Any  circumstance  that 
tends  to  lessen  the  permanent  distension  will  cause  a  fall  of 
the  line  of  minima,  and  any  circumstance  tending  to  increase 
the  distension  will  cause  that  line  to  rise.  If»  for  example, 
the  arm  be  raised  while  a  pulse-tracing  is  being  taken  from 
the  wrist,  the  line  of  minima  falls  because  the  permanent 
pressure  in  the  radial  artery  is  diminished. 

The  form  of  the  poise-curve  varies  in  the  different  arteries.and 
therefore  in  making  comparisons  the  same  artery  should  be 
used.  When  the  wave  of  blood  only  enters  an  artery  slowly, 
the  ascending  part  of  the  curve  will  be  oblique.     This  is 
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normally  the  case  in  a  paise-curve  of  a  distant  artery,  such 
as  the  posterior  tibial.  The  height  of  the  wave  is  also  less 
than  in  an  artery  nearer  the  heart,  such  as  the  carotid,  or 
even  the  axillary,  where  the  primary  elevation  is  relatively 
abrupt. 

Anacrotic  Polaa. — As  a  rule,  the  ascent  of  the  tracing  is 
unbroken  by  secondary  waves,  but  in  certain  circumstances 
these  may  appear  on  it.  This  condition,  which,  when  well 
marked  at  any  rate,  may  be  considered  pathological,  is 
called  anacrotism  (Fig.  23).  It  is  seen  when  the  discharge 
of  the  left  ventricle  into  the  aorta  is  slow  and  difficult — e.g..  in 
old  people  whose  arteries  have  been  rendered  less  extensible 
by  the  deposit  of  lime-salts  in  their  walls  (a^eroma),  and  in 
cases  where  the  orifice  of  the  aorta  has  been  narrowed  from 
disease  of  the  semilunar  valves  (aortic  stenosis).  Since  these 
conditions  are  in  general  associated  with  hypertrophy  and 
dilatation  of  the  left  ventricle,  the  slow  emptying  of  the 
ventricle  is,  perhaps,  partly  due  to  the  greater  quantit/of 
blood  which  it  contains. 

In  whatever  way  the  delay  in  the  emptyinf^  of  the  ventricle 
is  brought  about,  the  most  probable  explanation  of  the 
anacrotic  pulse  is  that  the  delay  affords  time  for  one  or 
more  secondary  waves  to  be  developed  in  the  arterial  system 
before  the  summit  of  the  curve  has  been  reached,  and  that 
these  are  superposed  upon  the  long-drawn  primary  elevation. 

In  aortic  insufficiency,  where  the  left  side  of  the  heart  is 
never  cut  off  entirely  from  the  aorta,  the  auricular  impulse  is 
marked  on  the  pulse-curve  as  a  distinct  elevation ;  and  this 
gives  rise  to  a  peculiar  kind  of  anacrotic  pulse,  especially  in 
the  arteries  nearest  the  heart  (Fig.  23,  F). 

Frequency  of  the  Pulse, — -This  depends  upon  a  great  variety 
of  circumstances : 

I.  Age  and  sex.  The  average  normal  rate  for  an  adult 
male  is  about  72  beats  per  minute,  for  a  female  about  80. 
At  all  ages  the  pulse  is  somewhat  quicker  in  the  female. 
At  the  end  of  foetal  life  the  rate  is  given  as  144-133  ;  from 
birth  till  the  end  of  first  year,  140-123;  from  10  to  15  years, 
91-76;  from  20  to  25  years,  73-69.  It  remains  at  this  till  60 
years,  and  increases  again  somewhat  in  old  age. 
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2.  Si2e.     In  persons  of  the  same  sex  and  age  the  rate 
greater  in  short  than  in  tall  people. 

3.  Position  of  the  body.  The  rate  of  the  pulse  is  greater 
in  the  standing  than  in  the  sitting  posture^  and  greater  in 
the  latter  than  in  the  recumbent  position.  And  this  is  true 
even  when  muscular  action  is  as  far  as  possible  eliminated 
by  fastening  the  person  to  a  board. 

4.  Muscular  activity  increases  the  rate. 

5.  The  taking  of  food  increases  the  rate. 

6.  It  is  greatly  influenced  by  psychical  events, 

7.  The  time  of  day  has  an  effect,  which  seems  to  be 
independent  both  of  muscular  exertion  and  of  meals.  The 
rate  sinks  from  morning  till  mid-day,  then  rises,  and  sinks- 
again  towards  evening.  We  shall  see  later  on  that  there  is  a 
similar  diurnal  variation  of  the  temperature,  but  may  remark 
here  that  the  daily  maxima  and  minima  of  the  pulse-rate 
precede  a  little  those  of  the  temperature. 

8.  The  rate  is  affected  by  respiration  in  a  manner  to  be- 
described  later  (Chap.  III.). 

9.  Increase  of  temperature  increases  the  rate,  though  this 
is  less  marked  in  the  intact  body  than  in  the  isolated  heart. 

Various  Characters  of  the  Pulse. — Certain  terms  which  have 
come  down  from  the  older  medicine,  and  are  still  used 
clinically  to  describe  various  conditions  of  the  circulation 
as  investigated  by  feeling  the  pulse,  must  here  be  briefly 
touched  on : 

*  Hard '  pulse  {puhtts  durus).  Here  the  mean  blood- 
pressure  is  high,  the  vessels  are  considerably  distended,  and 
the  pulse  therefore  feels  hard.  With  a  '  soft '  pulse  {pulsus 
mollis)  the  mean  blood -pressure  is  low. 

With  a  'quick*  pulse  {pulsus  ceUr)  the  artery  is  rapidly 
distended  by  the  pulse-wave.  With  a  '  slow '  pulse  {pulsus 
tardus)  the  distension  is  slow. 

The  terms  'strong'  pulse  (pulsus  fortis)  and  *weak  '  pulse 
{pulsus  debilis)  refer  to  the  amount  by  which  the  pulse-wave 
increases  the  blood-pressure  at  the  point. 

'Large'  pulse  {pulsus  ma^nus)  and  'small' or 'thready'  pulse 
{piUsus  parvus)  refer  to  the  increase  in  the  quantity  of  blood 
which  every  pulse-wave  causes  in  the  vessel. 
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The   *  force    of   the   pulse  *   is   a   phrase  which   is  often 

ambiguously    used,   sometimes  apparently    as   synonymous 

with  '  strength,'  and  sometimes  with  *  size,'  as  above  defined. 

In   fact,   the   quantitative   information  obtained  by   feeling 

the  pulse  with  the  finger  is  far  inferior  in  precision  to  the 

qualitative   notion   which   that   time-honoured    proceeding 

affords.      The   *  force   of  the   pulse '   does   not   necessarily 

correspond  with  the  force  of  the  heart.     It  depends  partly 

on  the  suddenness  with  which  the  pulse-wave  distends  the 

artery*,  partly  on  the  amount  of  this  distension  in  relation  to 

the  previous  permanent  distension,  and  to  some  extent  on 

the    calibre  of  the  vessel.      Other  things   being  equal,  the 

pulse   in   a   large  vessel  will  feel   stronger  than   that  in  a 

smaller  vessel.     This  last  factor  accounts  for  the  inequality 

in  the   force  of  the  pulse  which  is  not  infrequently  found 

between  the  two  radials  even  of  a  healthy  person. 

Sate  of  Propagation  of  the  FuUewaTe. — When  pulse-tracings 
are  taken  simultaneously  at  two  points  of  the  arterial  system 
unequally  distant  from  the  heart,  by  two  sphygmographs 
whose  writing-points  move  in  the  same  vertical  straight  line, 
it  is  found  that  the  ascent  of  the  curve  begins  later  at  the 
more  distant,  than  at  the  nearer  point.  Since  waves  like 
the  pulse-wave  travel  with  approximately  the  same  velocity 
m  different  parts  of  an  elastic  system  like  the  arterial  'tree,* 
this  'delay*  must  be  due  to  the  difference  in  the  length  of 
tbc  two  paths.  The  difference  in  length  can  be  measured  ; 
the  time-value  of  the  'delay'  can  be  deduced  from  the  rate 
of  movement  of  the  recording  surface  ;  dividing  the  length 
by  the  time,  we  arrive  at  the  rate  of  propagation  of  the 
pulse-wave.  This  rate  has  been  found  to  be  about  8*5  metres 
per  second  in  man  in  the  arteries  of  the  upper  limb,  and 
9*5  metres  in  those  of  the  lower  limb,  the  difference  being 
due  to  the  smaller  distensibility  of  the  latter.  The  mean 
velocity  of  the  pulse-wave  would  correspond  to  not  much 
less  than  500  miles  in  twenty-four  hours,  or  about  the  same 
as  the  speed  of  a  fast  Atlantic  liner  or  of  a  wave  of  the  sea 
in  a  strong  gale.  The  velocity  of  the  pulse-wave  must  not 
be  confounded  with  that  of  the  blood-stream  itself,  which 
IS   not  more  than  one-thirtieth  as  great.     A  ripple  passes 
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over  the  surface  of  a  river  at  its  own  rate — a  rate  that 
independent  of  the  velocity  of  the  current.  The  passage 
of  the  ripple  is  not  a  bodily  transference  of  the  particles 
of  water  of  which  at  any  given  moment  the  wave  is  com- 
posed, but  the  propagation  of  a  change  of  relative  position 
of  the  particles.  The  mere  fact  that  the  ripple  can  pass  up 
stream  as  well  as  down  is  sufficient  to  illustrate  this.  The 
pulse-wave  does  not,  however,  correspond  in  every  respect 
to  a  ripple  on  a  stream,  for  the  bodily  transfer  of  the  blood 
depends  upon  the  series  of  blood-waves  which  the  heart 
sets  travelling  along  the  arteries.  Every  particle  of  blood 
is  advanced,  on  the  whole,  by  a  certain  distance  with  every 
pulse-wave  in  which  for  the  time  it  takes  its  place.  But 
no  particle  continues  in  the  front  of  the  pulse-wave  from 
beginning  to  end  of  the  arterial  system.  In  fact,  the  true 
path  of  a  particle  of  blood  is  perhaps  something  like  Fig.  24. 


Fig.  34.— Path  of  a  rAKncLK  o>  Blood  (Wicscit). 

an  oscillation  in  an  ellipse,  combined  with  a  movement  of 
translation.  The  *  delay  '  or  '  retardation  '  of  the  pulse  (the 
interval,  say,  between  the  beginning  of  the  ascent  of  the 
carotid  and  radial  curves)  is  practically  constant  in  the  same 
individual,  not  only  in  health,  but  also  in  most  diseases. 
But  the  retardation  is  markedly  increased  when  the  pulse- 
wave  has  to  pass  through  a  portion  of  an  arter>',  whose 
lumen  is  either  greatly  widened  (aneurism),  or  greatly  con- 
stricted (endarteritis  obliterans). 

The  velocity  of  the  pulse-wave  has  sometimes  been  de- 
duced by  comparing  a  tracing  of  the  cardiac  impulse  with 
a  pulse-tracing  taken  at  the  same  time  from  a  distant  artery. 
But,  as  we  have  seen  in  dealing  with  the  action  of  the  heart, 
the  ventricle  does  not  at  the  very  beginning  of  its  contraction 
,  acquire  sufficient  force  to  cause  the  opening  of  the  semi- 
lunar valves.  The  pulse,  therefore,  even  in  the  aorta,  must 
lag  behind  the  ventricular  pulse ;  and  the  amount  of  this 


THE  CiRCULAT!ON  OF  THE  BLOOD  AND  LYMPH      79 

•  lag  *  must  be  subtracted  from  the  total  retardation.  But 
since  the  aortic  '  lag,'  unlike  the  retardation,  between  two 
arteries,  varies  greatly  even  in  health,  depending  as  it  does 
on  the  arterial  blood-pressure,  this  method  of  determining 
the  velocity  of  the  pulse-wave  is  not  satisfactory. 

The  Blood-presaure  Palse.^In  man  it  is  only  possible  to 
trace  the  pulse-wave  along  the  arteries  by  movements  of 
the  walls  of  the  vessels  transmitted  through  the  overlying 
tissues.  In  animals  the  changes  of  pressure  that  occur  in 
the  blood  itself  can  be  directly  repjistered.  ^nd  these  changes 


KiC.  35.— UlAGkAM  i.>r  MkKfUKIAl.  KVMOCK.M'H. 

The  record  is  taken  oa  ihc  cndl4>&s  itrip  of  paper  K,  wKicli  i.s  madi>  lo  revolve  n\  n 
unlllarni  rnte  ;  I)  is  a  flait  cMcyJng  m  wntiiig  point ;  C  \h  tlir  luaDOiiv-ter,  tlie  difTerrnce 
of  level  of  the  mcrcunr-  {f/g)  in  the  two  limbs  of  whicli  measures  the  blood -prtfssiire  ; 
A  ij  a  prnstire  bottle  nlled  with  aodiuin  carbonnte  or  iiiH^nniium  sulphate  solution  and 
coiinecled  by  the  flexible  tube  Bwith  the  manometer  ;  I*'  a  the  bloodvessel  ;  O,  the  con* 
oectiog  cannula. 

may  be  spoken  of  as  the  blood-pressure  pulse.  At  bottom, 
as  already  pointed  out,  the  phenomenon  is  exactly  the  same 
as  that  we  have  been  dealing  with  in  our  study  of  the 
external  pulse.  We  are  only  now  to  follow,  by  a  more 
direct,  and  in  some  respects  a  more  perfect  method,  the 
same  wave  of  blood  along  the  same  channel. 

Keasnrement  of  the  Blood-preasnre. — Hales  was  the  first  to 
measure  the  blood-pressure.     This  he  did  by  connecting  a  s 
tall  glass  tube  with  the  crural  artery  of  a  horse.     The  height 
to  which  the  blood  rose  in  the  tube  indicated  the  pressure 
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in  the  vessel.  Poiseuille.  nearly  half  a  centory  later,  applied 
the  mercury  manometer,  which  had  already  been  used  in 
physics,  to  the  measurement  of  blood-pressure.  Ludwig 
and  others  improved  this  method  by  making  the  manometer 
self-registering  by  means  of  a  float  in  the  open  Umb,  sup- 
porting a  style  which  writes  on  a  revolving  drum,  the  whole 
arrangement  being  called  a  kymograph.  (For  the  method 
of  taking  a  blood-pressure  tracing,  see  p.  154.) 

Owing  to  the  relatively  great  amount  of  work,  required  to 
produce  a  given  displacement  of  the  mercury,  a  manometer  of 
this  kind  does  not  readily  follow  rapid  changes  of  pressure, 
and    the   mercurial   column,   once   displaced,  continues   to* 
execute  vibrations  of  its  own,  which  are  compounded  with 
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A,  hollow  spring  filled  vkitli  alcohol,  lis  op«n  end  B  is  covered  wild  a  menihnuic  aad 
is  fixed  la  ihc  upright  K  ;  the  other  end  C  is  ftoe  lo  move.  Mnd  is  connected  with  a 
system  of  leven,  which  move  the  writing  point  D;  E  is  ihecAnnnU.  which  is  connected 
uith  Ihe  bloodvessel.  When  the  pressure  in  the  spring  is  increased  it  tends  to  straighten 
itseir. 

the  true  oscillations  of  the  blood-pressure.  Accordingly 
the  mercurial  manometer  is  better  suited  for  measuring  the 
mean  blood-pressure,  or  for  recording  changes  in  the  pressure 
which  last  for  some  time,  than  for  following  the  rapid  varia- 
tions of  the  pulse-wave.  For  the  latter  purpose,  one  of  the 
class  of  clastic  manometers  is  required*  Of  these  the  best 
known,  and  'most  deserving  to  be  known,  are  Fick's  spring 
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manometer  (adapted  from  Bourdon's  pressure-gauge) 
{Fig.  26),  and  especially  the  instruments  recently  introduced 
by  Hiirthle,  which  are  probably  the  most  perfect  manometers 
yet  constructed  for  the  investigation  of  the  finer  details  of 
the  blood  -  pressure  pulse,  whether  in  the  heart  or  the 
arteries. 

Hurthle's  spring  manometer  consists  of  a  small  drum  covered 
with  an  indiarubber  membrane  loosely  arranged  so  as  not  to  vibrate 
with  a  period  of  its  own.  The  drum  is  connected  with  the  blood- 
vessel, and  the  blood- pressure  is  transmitted  to  a  steel  spring  by 
means  of  a  metal  disc  fastened  on  the  membrane.  The  spring  acts 
-  on  a  writing  lever.  The  instrument  is  so  constructed  that  for  a  given 
change  of  pressure  the  quantity  of  liquid  displaced  is  as  small  as 
possible,  and  it  is  on  this  that  its  capacity  to  follow  sudden  variations 
of  pressure  chiefly  depends. 


Kic  fl/.— ^URVBS  or  Blood- I'UcssuRE  taken  with  a  Si'iung  Manometer  FRrtM 

THE  CAHCrnU  AkTEKY  OF  A  DOQ  (HUBTHLK). 

When  t  was  taken  thr  blood  preuure  was  high  ;  a  corresponds  10  a  mediutn  ;  3  to  a 
low.  And  4  to  a  very  low  blood  pressure ;  /  \%  th«  primary  elrv.ttion — this  and  ibe 
uicoecdins  elevations  txiween  p  and  a  are  called  sy^olic  wnvei ;  the  srsUiltc  waves  arc 
followed  hy  a  tnaritcd  devatioa  </,  which  corresponds  to  the  dicrotic  pulse-wave. 

A  blood-pressure  tracing  taken  from  an  artery  with  a 
manometer  of  this  sort  almost  exactly  agrees  with  the 
tracing  of  a  good  sphygmograph  applied  to  the  correspond- 
ing artery  on  the  opposite  side.  There  is  a  very  large 
increase  of  pressure  during  the  systole — far  greater  than  is 
indicated  by  the  mercury  manometer.  This  is  especially 
the  case  when  the  permanent  or  minimum  pressQre  is  low. 
Id  ihe  rabbit  the  pulsatory  variation  is  one-third  to  one- 
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fourth  of  the  minimum  pressure,  and  in  the  dog  still  more 
— generally  at  least  one-half — the  greater  variation  being 
connected  with  the  slower  rate  of  the  heart.  In  the  dog 
the  pressure  often  rises  as  much  as  50  mm.  of  Hg  during 
the  systole,  and  with  a  low  minimum  pressure  and  slow 
pulse-rate  the  systolic  pressure  may  be  more  than  double 
the  minimum  (Hiirthle).  Fick  found  also,  by  means  of 
his  spring  manometer,  that  the  pulsatory*  \'arialions  of 
blood -pressure  were  greater  than  the  respiratory  variations 
(p.  84),  although  in  the  records  of  the  mercury  manometer 
the  reverse  appears  often  to  be  the  case. 

The  form  of  the  blood-pressure  pulse-curve  varies  with 
the  mean  blood-pressure;  but  the  dicrotic  wave  is  always 
marked  on  it,  preceded  by  one  or  more  oscillations  falling 
within  the  period  of  the  systole,  and  followed  by  one  or 
more  within  the  period  of  diastole.  When  the  blood- 
pressure  is  low,  the  first  or  primary  elevation  is  the  highest 
of  the  whole  curve  (Fig.  27).  When  the  blood-pressure  is 
high,  the  maximum  falls  later,  coinciding  with  one  of  the 
secondary  systolic  waves,  but  always  preceding  the  dicrotic 
wave;  and  the  curve  assumes  an  anacrotic  character. 

That  all  the  secondary  oscillations,  including  the  dicrotic 
wavelet,  are  of  central,  and  not  of  peripheral  origin,  may 
be  shown  by  recording  the  blood-pressure  simultaneously  at 
two  points  of  the  arterial  system  at  different  distances  from 
the  heart— Ttf.^.,  in  the  crural  and  carotid  arteries.  The 
secondary  waves  are  found,  by  measuring  the  tracings,  to 
reach  the  more  distal  point  later  than  the  more  central; 
therefore  they  cannot  arise  by  reflection  at  the  peripheral 
portions  of  the  arterial  system. 

That  the  dicrotic  wave  is  not  an  artificial  phenomenon, 
due  to  the  methods  employed  to  register  the  blood -pressure, 
was  very  clearly  shown  by  Landois,  who  allowed  the  blood 
issuing  from  a  divided  artery  to  strike  a  moving  surface, 
and  found  a  well-marked  dicrotic  elevation  on  the  curve  so 
obtained,  in  addition  to  the  primary  elevation.  There  were 
also  indications  of  other  secondary  oscillations.  The  rate 
of  escape  of  the  blood  was  nearly  50  per  cent,  greater  at  the 
maximum  than  at  the  minimum  pressure. 
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The  wave  of  increased  pressure,  as  it  runs  along  the 
arterial  system,  carries  with  it  wherever  it  arrives  an 
increase  of  potential  energy.  But  this  excess  of  potential 
energy  is  continually  being  worn  down,  owing  to  the  friction 
of  the  vascular  bed ;  and  although  in  the  comparatively 
large  arteries  the  loss  of  energ)'  is  not  great,  it  rapidly 
increases  as  the  arteries  approach  their  termination,  and 
begin  to  branch.  For  not  only  is  the  total  surface,  and 
therefore  the  friction,  increased  with  every  bifurcation,  but 
the  mere  change  of  direction  and  division  of  the  wave  cannot 
take  place  without  loss  of  energy.  For  this  reason  the  fluc- 
tuations of  blood-pressure  are  greater  in  the  large  arteries 
near  the  heart  than  in  arteries  smaller  and  more  remote: 
in  the  wide  and  much-branched  capillary  bed  the  pulse- 
wave  disappears  altogether,  and  the  blood-pressure  becomes 


Fig.  28.— Bux>d-i-ressuke  '1kai.in(;. 
TIm  horigootal  sintiglu  line  intersecting  the  curves  is  the  line  of  rocAn  pressure. 

relatively  constant  or  permanent.  And  it  is  for  some  pur- 
poses convenient  to  look  upon  the  blood-pressure  in  the 
arteries  as  made  up  of  a.  permanetit  element,  with  pulsatory 
oscillations  superposed  on  it.  Since  no  portion  of  the 
arterial  system  is  more  than  partially  emptied  in  the  interval 
between  two  blood-waves,  the  minimum  or  permanent  pres- 
sure is  always  positive — /.«*.,  always  above  that  of  the  atmo- 
sphere. The  only  reason  for  this  is  that  the  beats  of  the 
heart  succeed  each  other  so  rapidly  that  the  successive 
waves  overlap  or  *  interfere/  and  are  only  separated  at  their 
crests. 

If  the  heart  is  stopped  while  a  blood-pressure  tracing  is 
being  taken — and  we  shall  see  later  on  how  this  can  be  done 
(p.  121) — the  minimum  line  of  the  tracing  goes  on  falling 
towards  the  zero -line.  When  the  heart  begins  beating 
again,  the  pressure-curve  rises,  not  abruptly,  but  by  suc- 
cessive leaps,  each  corresponding  to  a  beat  of  the  heart, 
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and  each  overtopping  its  predecessor,  till  the  old  line  ol 
minimum  or  of  mean  pressure  is  afi^in  reached. 

The  mean  arterial  blood  -  pressure  is  the  permanent 
pressure  plus  one-half  of  the  average  pulsatory  oscillation. 
In  a  blood-pressure  tracing  the  line  of  permanent  pressure 
joins  all  the  minima;  the  line  of  maximum  pressure  joins 
all  the  maxima;  the  line  of  mean  pressure  is  drawn  between 
them  in  such  a  way  that  of  the  area  included  between  it 
and  the  blood-pressure  curve  as  much  lies  above  as  below 
it  (Fig.  28).  As  has  been  said,  a  tracing  taken  with  a 
mercury  manometer  gives  approximately  the  mean  blood- 
pressure.  Each  beat  of  the  heart  is  represented  on  it  by 
a  single  elevation  of  no  great  size,  sometimes  not  amounting 
to  more  than  one-twentieth  of  the  height  of  the  curve  above 
the  line  of  2ero  or  atmospheric  pressure.  The  small  oscil- 
lations due  to  the  heart-beat  are  superposed  upon  much 
longer,  and  often,  as  registered  in  this  way,  larger  waves, 
caused  by  the  movements  of  respiration.  The  line  of  mean 
pressure  intersects  the  respiratorj'  waves  midway  between 
crest  and  trough  (Fig.  28). 

The  following  table  shows  how  the  blood-pressure  may 
vary  in  different  kinds  of  animals. 


Horse 

- 

-     1 50—200  mm. 

Hg 

Sheep 

* 

-     1 50 — 200 

w 

arotid 

OoK 

- 

-     160—180 

„ 

KHbbit 

•     100 

,^ 

Goose 

•     t6o 

" 

.Ouck 

- 

•     140 

fFrog 

- 

-      30 

It 

.^orta-.  Tortoise     • 

- 

30 

v\ 

I  Eel 

- 

■     55 

■1 

The  mean  arterial  pressure  has  been  found  to  l>e  approxi- 
mately the  same  in  animals  of  the  same  species,  irrespective 
of  size.  Even  in  warm-blooded  animals  of  different  species 
there  is  no  very  obvious  relation  of  size  and  blood -pressure. 
This  has  been  supposed  by  some  to  indicate  that  the  resist- 
ance in  the  small  vessels — which,  as  we  shall  see,  makes  up 
the  chief  part  of  the  total  vascular  resistance — docs  not  vary 
greatly  in  the  different  kinds  of  warm-blooded  animals. 

In  man  the  blood -pressure  has  been  estimated  by  adjust- 
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ing  over  an  artery  the  thin  and  yielding  membrane  of  a 
capsule  containing  liquid,  and  connected  with  a  manometer. 
The  height  of  the  column  of  mercury  just  required  to 
prevent  the  pulse-wave  from  passing  is  taken  as  approxi- 
mately equal  to  the  maximum  blood-pressure.  A  slight 
deduction  must,  however,  be  made  on  account  of  the 
resistance  to  compression  of  the  artery  itself  and  the  tissues 
over  it.  In  the  radial  artery  of  a  healthy  man  the  blood- 
pressure  may,  perhaps,  average  150  mm.  of  mercury.  In 
the  anterior  tibial  artery  of  a  boy  whose  leg  was  to  be 
amputated  the  blood-pressure,  measured  by  means  of  a 
manometer  connected  directly  with  the  artery,  was  found 
to  vary  from  100  to  160  mm.  Hg,  according  to  the  position 
of  the  body  and  other  circumstances. 

In  a  woman  sixty  years  old,  in  good  health,  the  following 
measurements  were  obtained  : 


June  28 

»    29 
Aug.    3 

>.      7 
»     12 


126—130  mm.  Hjf 
[26—136       „ 
132—144 
134—140 

136 — 144  n  (ZADEK.) 


Such  measurements  on  man,  so  far  as  they  can  be  trusted, 
show  that  the  mean  blood-pressure  in  one  and  the  same 
artery  may  vary  for  a  considerable  time  only  within  com- 
paratively narrow  limits. 

The  blood-pressure  can  be  nrtificially  lowered  by  copious 
haemorrhage,  but  it  must  be  copious.  Conversely,  the  direct 
injection  of  a  considerable  quantity  of  blood  into  a  vein  will 
cause  a  rise  of  blood-pressure,  whicli,  however,  soon  passes 
off.  We  shall  return  to  this  when  discussing  the  influence 
of  nerves  upon  the  circulation  (p.  138). 

The  ligation  or  compression  of  arteries  is  another 
mechanical  means  of  increasing  the  general  blood-pressure. 

The  position  of  the  body  affects  the  pressure  in  any  par- 
ticular arterj*.  This  has  led  to  the  distinction  of  two  factors 
in  the  blood-pressure,  the  hydrostatic  and  the  hydrodynamic 
elements.  The  hydrostatic  portion  of  the  pressure  is  due  to 
the  weight  of  the  column  of  blood  acting  on  the  vessel;  the 
hydrodynamic  portion  of  the  pressure  is  due  to  the  work 
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of  the  heart.  If  a  dog  be  securely  fastened  to  a  holder 
arranged  in  such  a  way  that  the  animal  can  he  placed 
vertically,  with  the  head  up  or  do\v'n,  and  the  mean  blood- 
pressure  in  the  crural  artery  be  measured  in  the  two  posi- 
tions, there  will  be  a  considerable  difference.  For  when 
the  legs  are  uppermost  the  heart  has  to  overcome  the  weight 
of  the  column  of  blood  rising  above  it  to  the  crural  artery; 
when  the  head  is  uppermost  the  action  of  the  heart  is 
reinforced  by  the  weight  of  the  blood.  And  if  no  change 
were  produced  in  the  action  of  the  heart,  or  in  the  general 
resistance  of  the  vascular  path,  by  the  change  of  position, 
this  difference  would  be  equal  to. the  pressure  of  a  column 
of  blood  twice  as  high  as  the  straight-line  distance  between 
the  cannula  and  the  point  of  the  arterial  system  at  which 
the  pressure  is  the  same  with  head  up  as  with  head  down 
(indifferent  point). 

But  in  animals  to  which  the  upright  position  is  normal 
(monkey)  and  in  man  the  influence  of  changes  of  posture  on 
the  circulation  is  almost  completely  compensated  by  the 
action  of  vaso-motor  ner\'es  (p.  12.S),  especially  those  that 
govern  the  abdominal  vessels,  and  of  the  nerves  that 
regulate  the  work  of  the  heart  (Hill).  When  this  compensa- 
tion is  destroyed,  as  in  paralysis  of  the  vaso-motor  centre  by 
chloroform,  the  circulation  may  be  profoundly  influenced  by 
the  position  of  the  body :  elevation  of  the  head  may  lead  to 
cerebral  anaemia,  syncope  and  even  death ;  elevation  of  the 
legs,  and  jiarticularly  the  abdomen,  may  restore  the  sinking 
pulse  by  filling  the  heart  and  the  vessels  of  the  brain.  In 
animals  that  go  on  all  fours  compensation  is  very  imperfect 
even  under  normal  conditions.  If  a  chloralized  dog  be 
fastened  on  a  board  which  can  be  rotated  about  a  huriiontal 
axis  passing  under  the  neck,  the  blood-pressure  in  the 
carotid  artery  falls  greatly  when  the  animal  is  made  to 
assume  the  vertical  position  with  the  head  up,  and  rises 
when  the  head  is  made  to  hang  down.  So  great  may  the 
fall  of  pressure  be  in  the  former  position  that  death  ma 
occur  if  it  be  long  maintained. 

The  Velocity-Pulse.— We  have  seen  that  the  circulation  in 
the  arteries  takes  place  in  the  form  of  a  series  of  waves 
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blood  travelling  from  the  heart  towards  the  periphery.  The 
particles  in  the  front  of  the  pulse-wave  are  constantly 
chanjjing,  but  since  every  section  of  the  arterial  tree  is 
successively  distended,  every  section  contains  more  blood 
while  the  pulse-wave  is  passing  over  it  than  it  contained 
immediately  before.  And  since  there  is  always  a  fairly  free 
passage  for  this  blood  towards  the  periphery,  there  is  a 
bodily  transfer  on  the  whole  of  a  certain  quantity  with  every 
wave. 

The  translation  of  the  blood,  instead  of  being  entirely 
intermittent,  as  it  would  be  in  a  rigid  tube  or  in  an  elastic 
system  with  a  slow  action  of  the  central  pump,  is,  in  part, 
constantly  going  on  ;  for  a  portion  of  a  blood-wave  is  always 
passing  through  every  section  of  the  arterial  channel.  Thus, 
we  arrive  at  the  same  distinction  as  to  the  onward  move- 
ment of  the  blood  itself  as  we  previously  reached  in  regard 
to  the  blood -pressure,  the  distinction  between  the  constant 
or  permanent  factor  of  the  velocity  and  the  periodical  factor, 
which  we  may  call  the  velocity-pulse. 

The  Velocity  of  the  Blood. — By  the  velocity  or  rate  of  tlow 
of  a  river  we  should  mean,  if  the  flow  were  uniform  through- 
out the  whole  cross-section,  the  rate  of  movement  of  any 
given  portion  or  particle  of  the  water.  If  we  could  identify 
a  portion  of  the  water,  we  could  determine  the  velocity  by 
measuring  the  distance  travelled  over  by  that  portion  in  a 
given  time.  If  the  velocity  was  uniform  over  the  channel, 
then  we  could  predict  the  actual  time  which  would  be 
required  to  traverse  any  fractional  part  of  the  measured 
distance.  If,  however,  the  velocity  of  the  current  changed 
from  point  to  point,  then  we  could  only  deduce  from  our 
observation  the  mean  rate  of  the  river  for  the  measured 
distance.  To  determine  the  actual  rate  for  any  given 
portion  of  this  distance  over  which  the  rate  was  uniform, 
we  should  have  to  make  a  separate  observation  for  this 
portion  alone. 

But  as  soon  as  we  pass  from  an  ideal  frictionless  river  to 
an  actual  stream,  in  which  the  water  at  the  bottom  and  near 
the  banks  flows  more  slowly  than  that  in  the  middle  and  on 
the  surface,  we  are  in  every  case  restricted  to  the  notion  of 
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mean  velocity.  We  may  distinguish  between  the  velocity  of 
different  parts  of  the  current^  between  that  of  the  mid-stream 
and  the  side  current,  the  bottom  and  the  surface  layers;  but 
when  we  consider  the  river  as  a  whole,  we  take  cognizance 
only  of  the  mean  or  average  velocity.  And  at  any  cross- 
section  this  may  be  defined  as  the  volume  of  water  passin/j 
per  hour,  or  whatever  the  unit  of  time  may  be,  divided  by 
the  cross-section  of  the  current.  It  is  evident,  that  this 
does  not  enable  us  to  determine  the  actual  velocity  of  any 
given  particle  of  the  water  at  any  given  moment  within  a 
measured  interval ;  nor  does  it  tell  us  whether  or  not  the 
average  velocity  of  the  current  has  itself  undergone  varia- 
tions within  the  period  of  observation. 

We  have  dwelt  upon  this  point  because  the  measurement 
of  the  velocity  of  the  blood,  to  which  we  must  now  torn, 
involves  the  same  considerations.  Within  the  smaller 
vessels,  as  the  microscope  shows  us,  and  as  we  should  in  any 
case  expect  from  what  we  know  of  fluid  motion,  the  blood- 
current,  apart  from  the  periodical  variations  in  its  velocity 
due  to  the  action  of  the  heart,  varies  in  speed  from  point 
to  point  of  the  same  cross-section.  The  layer  next  the 
periphery  of  the  vessel,  the  so-called  peripheral  plasma 
layer  or  Poiseuille's  space,  moves  more  slowly  than  the 
central  portion,  the  axial  stream.  In  fact,  we  must  suppose 
that  in  the  large  as  well  as  in  the  small  vessels  the  layer  just 
in  contact  with  the  vessel-wall  is  at  rest,  while  the  stratum 
internal  to  this  slides  on  it  and  has  its  velocity  diminished 
by  the  friction.  The  next  layer  again  slides  on  the  last,  but 
since  this  is  already  in  motion,  its  velocity  is  not  so  much 
diminished,  and  so  on.  The  velocity  must  therefore  in- 
crease as  we  pass  towards  the  axis  of  the  bloodvessel,  and 
reach  its  maximum  there  (p.  57). 

Again,  the  velocity  must  be  altered  wherever  an  alteration 
occurs  in  the  width  of  the  bed,  that  is,  in  the  total  cross- 
section  of  the  vascular  system :  for  since  as  much  blood 
comes  back  in  a  given  time  to  the  right  side  of  the  heart 
as  leaves  the  left  side,  the  same  quantity  must  pass  in  a 
given  time  through  every  cross-section  of  the  circulation. 
Wherever  the  total  section  of  the  vascular  tree  increases, 
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the  blood-current  must  slacken  ;  wherever  it  diminishes,  the 
current  must  become  more  rapid.  Now  the  total  section 
increases  as  we  pass  from  the  heart  along  the  branching 
arteries,  and  reaches  its  maximum  in  the  capillary  region.  It 
gradually  diminishes  again  along  the  veins,  but  never  becomes 
so  small  as  in  the  arterial  tract.  We  must,  therefore,  expect 
the  mean  velocity  to  be  greatest  in  the  large  arteries,  less 
in  the  veins,  and  least  in  the  arterioles,  capillaries  and 
venules.  Although  in  strictness  we  are  only  at  present  con- 
cerned with  the  arteries,  it  will  be  well  to  consider  here  what 
a  change  of  velocity  at  any  part  of  the  vascular  channel  really 
implies.  To  say  that  when  the  channel  widens  the  velocity 
diminishes,  is  not  to  explain  the  meaning  of  this  diminution. 
A  diminution  of  velocity  implies  a  diminution  of  kinetic 
energy,  and  it  is  necessary  to  know  what  becomes  of  the 
energy  which  disappears.  The  stock  of  energy  imparted  by 
the  contraction  of  the  heart  to  a  given  mass  of  blood  con- 
stantly diminishes  as  it  passes  round  from  the  aorta  to  the 
right  side  of  the  heart,  for  friction  is  constantly  being  over- 
come and  heat  generated.  This  energy,  as  we  have  seen, 
exists  in  a  moving  liquid  in  two  forms,  potential  and  kinetic, 
the  former  being  measured  by  the  lateral  pressure,  the  latter 
varying  directly  as  the  square  of  the  velocity.  Whenever 
the  velocity,  and  therefore  the  kinetic  energy,  of  a  given  mass 
of  the  blood  is  diminished  without  a  corresponding  increase 
in  the  potential  energ)',  some  of  the  total  stock  of  energy 
must  have  been  used  up  to  overcome  resistance  (p.  58). 

In  a  uniform,  rigid,  horizontal  tube,  as  has  been  already  remarked, 
the  velocity,  and  consequently  the  kinetic  energy,  is  the  same  at 
every  cross-section  of  ihc  tube,  while  ihe  potenlial  energy,  represenied 
by  the  lateral  pressure,  diminishes  regularly  along  the  tube.  When 
the  calibre  of  the  tube  varies,  it  is  different.  Suppose,  for  instance, 
that  the  liquid  passes  from  a  narrower  to  a  wider  part,  the  velocity 
must  diminish  in  the  latter.  The  kinetic  energy  of  visible  motion 
which  has  disappeared  must  have  left  something  in  its  room.  Here 
there  arc  three  possibilities:  (i)The  kinetic  energy  which  has  dis- 
appeare<)  may  be  just  enough  to  overcome  the  extra  friction  in  the 
wider  part  of  the  tube  due  to  eddies  and  consequent  change  of 
direction  of  the  lines  of  flow  ;  in  this  case  the  potential  energy  of  a 
given  mass  of  the  liquid  will  be  the  same  at  the  beginning  of  the 
wider  part  as  in  the  narrower  part.  The  lost  kinetic  energy  will 
have  been  transformed  into  heat.     (2)  The  kinetic  energy  which  has 
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disappeared  may  be  greater  than  is  enough  to  overcome  ihe  extra 
resistance  ;  a  portion  of  it  must  thtreforc  have  gone  to  increase  the 
potential  energy,  and  the  lateral  pressure  will  be  greater  in  the  wide 
than  in  the  narrow  part.  (3)  The  lost  kinetic  energy  may  be  less 
than  enough  to  overcome  the  extra  resistance  ;  in  this  case  both  the 
lateral  pressure  and  the  velocity  will  be  less  in  the  wide  than  in  the 
narrow  part  It  has  been  experimentally  shown  that  when  a  narrow 
portion  of  a  tube  is  succeeded  by  a  considerably  wider  portion, 
case  (2)  holds ;  and  the  liquid  may,  under  these  conditions,  actually 
flow  from  a  place  of  lower  to  a  place  of  higher  lateral  pressure. 

In  the  vascular  system  the  conditions  are  not  the  same. 
The  widening  of  the  bed  which  takes  place  as  we  proceed  in 
the  direction  of  the  arterial  current  is  not  due  to  the  widen- 
ing of  a  single  trunk,  but  to  the  branching  of  the  channel 
into  smaller  and  smaller  tubes.  In  the  larger  arteries  the 
increase  of  resistance  is  so  gradual  that  both  the  potential 
and  the  kinetic  energy  diminish  only  slowly,  and  the  lateral 
pressure  and  velocity  are  not  much  less  in  the  femoral  artery 
than  in  the  aort^i  or  carotid.  Hut  in  the  capillary  region 
the  friction  increases  so  much  that  although  the  velocity, 
and  therefore  the  kinetic  energy,  is  greatly  less  than  in  the 
arteries,  the  amount  of  kinetic  energy  lost  is  not  upon  the 
whole  equivalent  to  the  energy  consumed  in  overcoming  the 
extra  resistance ;  the  potential  energy  of  the  blood  is  also 
drawn  upon,  and  the  lateral  pressure  falls  sharply  in  the 
capillary  region,  as  well  as  the  velocity.  Where  the 
capillaries  open  into  the  veins,  the  lateral  pressure  again 
sinks  abruptly,  while  the  velocity  begins  to  increase,  till 
in  the  largest  veins  it  is  probably  about  half  as  great  as  in 
the  aorta. 

Where  does  the  extra  kinetic  energy  of  the  blood  in  the 
veins  come  from  ?  To  say  that  the  vascular  channel  again 
contracts  as  the  blood  passes  from  the  capillaries  into  the 
veins,  and  that,  since  the  same  quantity  must  flow  through 
every  cross-section  of  the  channel,  the  velocity  must  neces- 
sarily be  greater  in  the  narrower  than  in  the  wider  part,  does 
not  answer  the  question.  The  greater  portion  of  the  kinetic 
energy  of  the  arterial  blood  is,  as  we  have  seen,  destroyed, 
or,  rather,  changed  into  an  unavailable  form,  into  heat,  in  the 
capillary  region.     The  mean  velocity  of  the  blood  in  the 
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capillaries  is  not  more  than  s^  to  200  of  the  velocity  in  the 
aorta ;  the  kinetic  energy  of  a  given  mass  of  blood  in  the 
capillaries  cannot  therefore  be  more  than  {^hsY^  or  laiao  of 
its  kinetic  energy  in  the  aorta.  In  the  veins,  taking  the 
velocity  at  half  the  arterial  velocity,  the  kinetic  energy  of  the 
mass  would  be  one-fourth  of  that  in  the  aorta,  or  at  least 
10,000  times  as  great  as  in  the  capillary  region.  This  extra 
kinetic  energy  comes  partly  from  the  transformation  of  some 
of  the  potential  energy  of  the  blood.  The  resistance  in  the 
veins  is  very  small  compared  with  that  in  the  capillaries;  less 
of  the  potential  energy  represented  by  the  lateral  pressure  at 
the  end  of  the  capillary  tract  is  required  to  overcome  this 
resistance,  and  some  of  it  is  converted  into  the  kinetic 
energy  of  visible  motion,  the  lateral  pressure  at  the  same 
time  falling  somewhat  abruptly.  Contributory  sources  of 
kinetic  energy  in  the  veins  are  the  aspiration  caused  by  the 
respiratory  movements  and  the  pressure  caused  by  muscular 
contraction  in  general,  which,  thanks  to  the  valves,  always 
aids  the  flow  towards  the  heart.  From  these  two  sources 
new  energ)'  is  supplied,  to  reinforce  the  remnant  due  to  the 
cardiac  systole  (p.  164). 

Measurement  of  the  Velocity  of  the  Blood. — i.  Direct  Observa- 
tion. — (a)  This  method  can  be  applied  to  transparent  parts 
by  observing  the  rate  of  flow  of  the  corpuscles  under  the 
microscope.  But  it  is  only  where  the  blood  moves  slowly, 
as  in  the  capillaries,  that  the  method  is  of  use.  [b)  Fart  of 
the  path  of  the  blood  through  a  large  vessel  may  be  artihctally 
rendered  transparent  by  the  introduction  of  a  glass  tube,  of 
approximately  the  same  bore  as  the  vessel  (Volkniann).  The 
lube  is  filled  with  salt  solution,  and  the  blood  admitted  by 
means  of  a  stop-cock  at  the  moment  of  observation.  The 
lime  which  the  blood  takes  to  pass  from  one  end  of  the  tube 
to  the  other  is  noted,  and  the  length  divided  by  the  time 
gives  the  velocity  of  the  blood  in  the  tube.  If  the  calibre  of 
the  tube  is  the  same  as  that  of  the  artery,  this  is  also  the 
velocity  in  the  vessel;  but  if  the  calibre  is  different,  a  cor- 
rection would  have  to  be  made.  The  method  is  not  a  good 
one,  as  the  long  tube  introduces  a  considerable  amount  of 
extra  resistance. 
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2.  Ludwig's  Stromuhr.  —  This  instrument  measures  the 
quantity  of  blood  which  passes  in  a  given  time  through  the 
vessel  at  the  cross-section  where  it  is  inserted.  It  consists 
of  a  U-shaped  tube,  with  the  limbs  widened  into  bulbs,  but 
narrow  at  the  free  ends,  which  arc  connected  with  a  metal 
disc  By  rotating  the  instrument,  these  ends  can  be  placed 
alternately  in  communication  with  a  cannula  in  the  central, 
and  another  in  the  peripheral  portion  of  a  divided  artery; 
or   they  can  be  placed  so  that  none  of  the  blood  passes 
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A,  H.  glan  butbs :  a.  a  meial  disc,  to  which  A  and  B  arr  attached,  and  which  can  be 
louicd  on  the  disc  d  ;  E,  F,  cannula:  attucbed  to  A,  and  connected  with  ttie  peripheral 
and  c^rniral  ends  of  a  divided  blo<ylve4sei.  At  the  banning  of  the  cYperiment.  A  and 
the  jiinciton  between  A  and  B  are  filled  with  otl:  B  la  filled  with  nortnal  saline  or 
dcfibriniitcd  blood:  a  being  turned  into  the  poution  shown  En  the  6|[ure,  the  blood 
paue<^  ihrout:h  K  nnd  U  into  A,  and  the  oil  is  forced  into  B ;  as  won  as  the  blood  hu 
reached  the  mark  m.  the  dix  <;,  with  the  bulbs,  is  rapidly  totnlcd,  so  that  C  iii  nom 
opposite  K.  The  biood  now  poshes  into  M.  and  the  otl  is  again  drii-en  into  A  ;  when 
toe  oil  has  reached  D.  reversal  is  a^ain  nutde,  and  so  on. 

through  the  bulbs,  but  all  goes  by  a  short-cut.  One  limb 
of  the  instrument  is  filled  with  oil,  and  the  other  with  de- 
fibrinated  blood.  The  limb  containing  the  oil  is  first  put 
into  communication  with  the  central  end,  and  that  contain- 
ing the  blood  with  the  peripheral  end  of  the  artery.  The 
blood  rushes  in  and  displaces  the  oil  into  the  other  limb,  the 
defibrinatcd  blood  passing  on  into  the  circulation.     As  soon 
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as  the  blood  has  reached  a  certain  height,  indicated  by  a 
mark,  the  instrument  is  reversed,  and  the  oil  is  again  dis- 
placed into  the  limb  it  originally  occupied.  This  process  is 
repeated  again  and  again,  the  time  from  beginning  to  end  of 
an  experiment  being  carefully  noted.  The  number  of  times 
the  blood  has  filled  a  bulb  in  that  period,  the  capacity  of  the 
bulb  and  the  cross-section  of  the  vessel  being  known,  all  the 
data  required  for  calculating  the  velocity  of  the  blood  in  the 
vessel  have  been  obtained. 

Suppose,  for  example,  that  the  capacity  of  the  bulb  up  to  the  mark 
is  5  cc,  and  that  it  is  filled  twelve  times  in  a  minute,  the  quantity 
flowing  through  the  cross-seclion  of  the  artery  is  i  cc,  or  1,000  cub. 
mm.  per  second.     Let  the  diameter  of  the  vessel  be  3  mm.,  then  its 

sectional  area  is  tt  x  (-)  - ^—^ — -  =  7*06  sq.  mm.     The  velocity  is 

1000  . 

- — i  =  141  mm.  per  second. 
7-06       ^  *^ 

Various  improvements  in  this  method  have  been  made, 
such  as  graphic  registration  of  the  reversals  of  the  stromuhr. 

3.  A  tube  or  box,  in  which  swings  a  small  pendulum,  is 
inserted  in  the  course  of  the  vessel.  The  pendulum  is 
deflected  by  the  blood,  and  the  amount  of  the  detlection 
bears  a  relation  to  the  velocity  of  the  stream  (Vierordt's 
baematachometer;  Chauveau  and  Lorlet's  much  more  per- 
fect dromograph)  (Fig.  30). 

4.  PitoCs  Tubes, — If  two  vertical  tubes,  a  and  6,  of  the  form 
shown  in  Fig.  31,  be  inserted  into  a  horizontal  tube  in  which 
liquid  is  flowing  in  the  direction  of  the  arrow,  the  level  will 
be  higher  in  a  than  would  be  the  case  in  an  ordinary  side- 
tube  without  an  elbow;  in  b  it  will  be  lower.  For  the 
moving  liquid  will  exert  a  push  on  the  column  in  a,  and  a 
pull  on  that  in  6.  The  amount  of  this  push  and  pull  will 
vary  with  the  velocity,  so  that  a  change  in  the  latter  will 
correspond  to  an  alteration  in  the  difference  of  level  in  the 
two  tubes.  Instruments  on  this  principle  have  been  con- 
structed by  Marey  and  Cybulski,  the  former  registering  the 
movements  of  the  two  columns  of  blood  by  connecting  the 
tubes  to  tambours  provided  with  writing  levers,  the  latter 
by  photography  (Fig.  32). 


] 
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Of  these  methods,  3  and  4  arc  alone  suited  for  the  study 
of  the  velocity-pulse,  that  is,  the  change  of  velocity  occurring 
with  every  beat  of  the  heart.  The  curves  obtained  by 
Chauveau's  dromoRraph  agree  closely  with  blood-pressure 
tracings  taken  b}'  a  spring  manometer,  and  with  records  of 
the  external  pulse  obtained  by  a  sphygmograph.  There  is  a 
primary  increase  of  velocity  corresponding  with  the  ventri- 
cular systole,  and  a  secondarj'  increase  corresponding  with 
the  dicrotic  wave.     Like  all  the  other  pulsatory  phenomena. 


I'K;. 


A,  lube  connrctcd  with  bloodvessel;  B,  met«l  cylinder  in  coaimiiDlcation  with  A. 
TliRuppcrcndof  lllin5ahol«lii  tliecenire.  *hich  Is  covered  tty  a  membrane.  "».  ihrougb 
which  a  lever.  C,  pauea  ;  C  hast  n  small  dtM:  fi.  al  its  end,  vnhich  projects  into  the  lumen 
ol  A  and  i»  deflected  in  the  din-ction  of  the  blood-strcam  through  A.  The  ddSrciioa 
is  ru;tstered  bjr  a  recording  tambour  in  communicftiion  by  the  tube  H  with  ft  tunboor 
D,  ihe  flexible  inembratie  of  which  is  coanected  with  ibe  lever  or  pendulum  C. 

the  velocity-pulse  disappears  in  the  capillaries,  and  is  only 
present  under  special  conditions  in  the  veins. 

Just  as  we  can  distinguish  between  the  permanent  or 
minimum  blood-pressure  and  its  pulsatory  increase,  so  we 
can  speak  of  a  permanent  and  a  pulsatory  element  in  the 
velocity  of  the  blood. 

The  mean  velocity,  like  the  mean  blood-pressure,  is  more 
variable  in  the  large  arteries  near  the  heart  than  in  the 
smaller  and  more  distant  arteries.  Dogiel  found  in  measure- 
ments taken  with  the  stromuhr  (a  good  instrument  for  the 
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estimation  of  mean  velocity),  within  a  period  of  two  minutes, 
velocities  ranging  from  over  200  mm.  to  under  100  mm.  per 
second  in  the  carotid  of  the  rabbit,  and  from  over  500  mm. 
to  less  than  250  mm.  in  the  carotid  of  the  dog.     Chauveau, 


Fig.  31.— ruurs  Tuau*. 

with  the  dromograph,  found  the  velocity  in  the  carotid  of  a 
horse  to  be  520  mm.  per  second  during  systole,  150  mm.  during 
diastole,  220  mm.  during  the  period  of  the  dicrotic  wave. 


FiC.    32. — CVBLtiKl's   AkWAN'iUMKNT    l-<)K    Hf-CoKIJINti   VAUIATIONS  IS  TUB 

Velocity  of  tub  Bloou. 

A.  lube  conDCCted  with  ccniral,  B  with  [xriphcrat  end  of  divided  b1i>odvcskcl.  Tlie 
blooU  tundt  bigber  in  ih«  tubr  C  iltan  in  n.  A  b«Kni  of  light  p.ivilng  through  the 
racnitcus  in  both  tubes  is  {ocukimkI  by  the  lens  L  on  ihe  iravellin];  phoioi;r.iphic 
plate,  E.  The  velocity  at  any  iiiomcut  is  dtduccd  from  the  beight  of  the  meniscus  lu 
the  two  tubes  C  and  D. 

Fick  and  v.  Kries  attempted  to  calculate,  from  plethysmo- 
graphic  tracings  obtained  from  the  hand  or  arm,  the  velocity 
of  the  blood  in  the  arteries  of  man  ;  and  although  it  cannot 
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be  said  that  as  yet  we  have  sufficient  data  for  an  accurate 
estinraate,  we  shall  not  probably  be  far  wrong  in  taking  the 
mean  arterial  velocity  as  about  250  mm.  per  second,  or 
rather  over  half  a  mile  per  hour.  *  The  rivers  of  the  blood  * 
are,  even  at  their  fastest,  no  more  rapid  than  a  sluggish 
stream.  A  red  corpuscle,  moving  at  the  maximum  rate, 
would  only  cover  about  ij  miles  in  twenty-four  hours,  and 
would  require  five  years  to  go  round  the  world. 

The  Volume-pulse. — When  the  pulse-wave  reaches  a  part  it 
distends  its  arteries,  increases  its  volume,  and  gives  rise 
to  what  may  be  called  the  volume-pulse.  This  may  be 
readily  recorded  by  means  of  a  plethysmograph,  an  instru- 


KiG.  33.— PurrnvsMOGiiAi'ii  kuk  Arm. 

F,  float  attached  by  A  to  a  lever  which  reoordt  varialioii&  or  level  of  Itie  water  in  [t, 
and  ihererorc  vnriBiians  in  fhe  vutume  oT  the  ann  in  t)ip  ^lavs  ti-euel  C  I'be  lubulUR 
at  the  upper  pari  of  C  \i  cloied  when  the  Iraciag  is  being  lakcn.  j 

ment  consisting  essentially  of  a  chamber  with  rigid  walls 
which  enclose  the  organ,  the  intervening  space  being  filled 
up  with  liquid  (Fig.  33).  The  movements  of  the  liquid  are 
transmitted  either  through  a  tube  filled  with  air  to  a  record- 
ing tambour,  or  directly  to  a  piston  or  float  acting  upon  a 
writing  lever.  Special  names  have  been  given  to  plethys- 
mographs  adapted  to  particular  organs ;  for  example,  Roy's 
oncometer  for  the  kidney.  The  method  has  been  successfully 
applied  to  the  investigation  of  circulatory  changes  in  man, 
a  finger,  a  hand  or  an  entire  limb  being  enclosed  in  the 
plethysmograph.  With  a  fairly  sensitive  arrangement,  ever)* 
beat  of  the  heart  is  represented  on  the  tracing  by  a  primary 
elevation  and  a  dicrotic  wave.    The  general  appearance  of 
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the  curve  is  very  similar  to  that  of  an  ordinary  pulse-tracing, 
though  there  are  some  differences  of  detail,  especially  in 
the  time  relations.  A  volume-pulse  has  been  actually  ob- 
served not  only  in  limbs  and  portions  of  limbs,  but  also  (in 
animals)  in  the  spleen,  kidney  and  brain.  In  the  soft  tissues 
of  the  mouth  and  pharynx^  too,  a  volume-pulse  can  be 
detected  by  changes  in  the  pressure  of  the  air  in  the  respira- 
tory- passages  ('  Practical  Exercises,*  p.  159). 

Doubtless  the  weight  of  an  organ  would  also  show  a  pulse 
corresponding  to  the  beat  of  the  heart,  if  it  could  be  isolated 
from  the  surrounding  tissues  (except  for  its  vascular  connec- 
tions), and  attached  to  a  recording  balance,  as  could  probably 
be  done  with  a  kidney. 

Further,  it  is  possible  that  the  temperature,  at  least  of  the 
superficial  parts,  is  altered  with  every  beat  of  the  heart.  For 
the  amount  of  heat  given  off  by  the  blood  to  the  skin 
increases  with  its  mean  velocity,  and  therefore,  although  the 
difference  may  not  be  measureable  except  under  special  con- 
ditions, more  heat  is  presumably  given  off  during  the  systolic 
increase  of  velocity  than  during  the  diastolic  slackening.  In 
fact,  with  a  very  sensitive  instrument  {bolometer,  or  resist- 
ance thermometer,  Chap.  VIII.)  applied  directly  to  an  ex- 
posed artery,  indications  of  a  change  of  temperature  of  the 
vessel-wall  with  each  beat  of  the  heart  have  been  observed. 
And  this,  along  with  other  considerations,  suggests  that,  at 
any  rate  in  certain  situations  and  under  certain  conditions, 
there  may  even  be  a  pulse  of  chemical  change ;  that  is,  a 
slight  and  as  yet  doubtless  inappreciable  ebb  and  flow  of 
metabolism  corresponding  to  the  rhythm  of  the  heart. 

The  Circulation  in  the  Capillariei. — From  the  arteries  the 
blood  passes  into  a  network  of  narrow  and  thin-walled 
vessels,  the  capillaries,  which  in  their  turn  are  connected 
with  the  finest  rootlets  of  the  veins.  Physiologically,  the 
arterioles  and  venules  must  for  many  purposes  be  included 
in  the  capillary  tract,  but  the  great  anatomical  difference — 
the  presence  of  circularly-arranged  muscular  fibres  in  the 
arterioles,  their  absence  in  the  capillaries — has  its  physio- 
logical correlative.  The  calibre  of  the  arterioles  can  be 
altered    by  contraction  of  these   fibres  under  nervous   in. 
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fluences ;  the  calibre  of  the  capillaries,  aUhough  it  varies 
passively  with  the  blood -pressure,  and  is  possibly  to  some 
extent  affected  by  active  contraction  of  the  endothelial  cells, 
cannot  be  under  the  control  of  vaso-motor  nerves  acting 
through  muscular  fibres. 

Harvey  had  deduced  from  his  observations  the  existence 
of  channels  between  the  arteries  and  the  veins.  Malpighi 
was  the  first  to  observe  the  capillary  blood-stream  with  the 
microscope,  and  thus  to  give  ocular  demonstration  of  the 
truth  of  Harvey's  brilliant  reasoning.  He  used  the  lungs, 
mesentery  and  bladder  of  the  frog.  The  web  of  the  frog, 
the  tail  of  the  tadpole,  the  wing  of  the  bat,  the  mesentery  of 


Vm.  34. — Diagram  to  Illustrate  thk  m-ui-k  uk  i'HtbsLKfc  aloag 

TIIE  VASCfLAH  SViTCJI. 

A,  arterial :  C.  capillary  ;  V,  venous  tract.    The  inlerrupted  line  repr«et.(5  the  line  ' 
of  mran  pr«&iire  in  the  arteries,  the  wavy  line  indicating  that  the  pressure  varies  with 
each  heitrt-beaL     The  line  [Msses  below  the  abscissa  axis  (line  of  txxo  or  ntitiospheric 
pressure)  in  the  veins,  Indicaiing  that  at  the  end  of  the  vcooiu  syxtein  the  preuurc 
becomes  negating. 

the  rabbit  and  rat,  and  other  transparent  parts,  have  also 
been  frequently  employed  for  such  investigations.  From 
the  apparent  velocity  of  the  corpuscles  and  the  degree  of 
magnification,  it  is  easy  to  calculate  the  velocity  of  the 
capillary  blood -stream.  It  has  been  estimated  at  from 
•2  to  S  mm.  per  second  in  different  parts  and  different 
animals. 

The  comparative  slowness  of  the  current  and  the  dis- 
appearance of  the  pulse  are  the  chief  characteristics  of 
the  capillary  circulation.  The  explanation  we  have  already 
found  in  the  great  resistance  of  the  narrow  and  much- 
branched   vessels.      Although   the  average   diameter  of  a 
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capillary  is  only  about  10  m  (5  to  20  ft  in  different  parts  of  the 
body),  the  number  of  branches  is  so  prodi^ous  that  the  total 
cross-section  of  the  systemic  capillary  tract  has  been 
estimated  at  500  to  700  times  that  of  the  aorta. 

The  total  cross-section  of  the  vascular  channel  gradually 
widens  as  it  passes  away  from  the  left  ventricle;  in  the 
capillary  region  it  undergoes  a  great  and  sudden  increase ; 
at  the  venous  end  of  this  region  the  cross-section  is  again 
somewhat  abruptly  contracted,  and  then  gradually  lessens  as 
the  right  side  of  the  heart  is  approached;  but  the  united 
sectional  area  of  the  great  thoracic  veins  is  greater  than  that 
of  the  aorta. 

The  blood -pressure  in  the  capillaries  has  been  measured 
by  weighting  a  small  plate  of  glass  laid  on  the  back  of  one 
of  the  hngers  behind  the  nail,  until  the  capillaries  are  just 
emptied,  as  shown  by  the  paling  of  the  skin  (v.  Kries),  or  by 
observing  the  height  of  a  column  of  liquid  that  just  stops 
the  circulation  in  a  transparent  part  (Roy  and  Graham 
l3rown).  The  last-named  observers  found  that  a  pressure 
of  100  to  150  mm.  of  water  (about  7  to  11  mm.  of  Hg) 
was  needed  to  stop  the  circulation  in  the  capillaries  and 
veins  of  the  frog's  web ;  that  is,  about  a  third  of  the  blood- 
pressure  in  the  frog's  aorta.  The  pressure  in  the  capillaries 
at  the  root  of  the  nail  in  man  varies  from  30  to  50  mm. 
of  mercury. 

Under  certain  conditions  the  pulse-wave  may  pass  into 
the  capillaries  and  appear  beyond  them  as  a  venous  pulse- 
Thus,  we  shall  see  that  when  the  small  arteries  of  the 
submaxillary  gland  are  widened,  and  the  vascular  resistance 
lessened,  by  the  stimulation  of  certain  nerves,  the  pulse 
passes  through  to  the  veins.  And,  normally,  a  pulse  may 
be  seen  in  the  wide  capillaries  of  the  nail-bed — especially 
when  they  are  partially  emptied  by  pressure — as  a  flicker  of 
pink  that  comes  and  goes  with  every  beat  of  the  heart. 

We  have  seen  that  the  lateral  pressure  at  any  point  of  a 
uniform  rigid  lube  through  which  water  is  flowing  is  propor- 
tional to  the  amount  of  resistance  in  the  portion  of  the  tube 
between  this  point  and  the  outlet.  In  any  system  of  tubes 
the  5UD1  of  the  potential  and  kinetic  energy  must  diminish 
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in  the  direction  of  the  flow;  and  although  the  problem  is 
complicated  in  the  vascular  system  by  the  branching  of  the 
channel  and  the  variation  in  the  total  cross-section,  yet 
theory  and  experiment  agree  that  in  the  larger  arteries  the 
lateral  pressure  diminishes  but  slowly  from  the  heart  to 
the  periphery,  the  resistance  being  small  compared  with  the 
resistance  of  the  whole  circuit.  In  the  capillary  region  the 
vascular  resistance  abruptly  increases;  the  velocity  (and 
therefore  the  kinetic  energy)  abruptly  diminishes,  and  the 
lateral  pressure  falls  much  more  steeply  between  the  begin- 
ning and  the  end  of  this  region  than  between  the  heart  and 
its  commencement.  In  the  veins  only  a  small  remnant  of 
resistance  remains  to  be  overcome,  and  the  lateral  pressure 


PlO.   35.— ReLATIOM   or   HL001>i>II£5!t(JRC,    VELOCITY,    AND  CRUU-SKCTIOH. 

Blood-pressure  I>.  velocity  of  Uood  V,  and  total  crosa-soction  S,  in  the  aneriei^A 
oapiUariea  C,  and  veins  V.  ' 

must  sink  again  rather  suddenly  about  the  end  of  the  capil- 
lary tract.  Fig.  35  shows  by  a  rough  diagram  the  manner 
in  which  the  pressure,  velocity  and  cross-section  probably 
change  from  part  to  part  of  the  vascular  system. 

The  Circulation  in  the  Veins. — The  slope  of  pressure,  as  we 
have  just  explained,  must  fall  rather  suddenly  near  the 
beginning  and  near  the  end  of  the  capillar)-  tract.  It  con- 
tinues falling  as  we  pass  along  the  veins,  till  the  heart  is 
again  reached.  In  the  right  hcart»  and  in  the  thoracic 
portions  of  the  great  veins  which  enter  it,  the  pressure  may 
be  negative — that  is,  less  than  the  atmospheric  pressure. 
And  since  nowhere  in  the  \-enous  s^-stem  is  the  pressure 
more  than  a   small   fraction  of  that  in    the  arteries,  its 
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measurement  in  the  veins  iscorrespondingly  difficult,  because 
any  obstruction  to  the  normal  flow  is  apt  to  artificially  raise 
the  pressure.  A  manometer  containing  some  lighter  liquid 
than  mercury,  such  as  water  or  a  solution  of  magnesium 
sulphate,  is  usually  employed,  in  order  that  the  difference  of 
level  may  be  as  great  as  possible.  In  the  sheep  the  pressure 
was  found  to  be  3  mm.  (Hg)  in  the  brachial,  and  about 
II  mm.  in  the  crural ;  in  the  dog's  portal  vein  about  10  mm. 
The  venous  pressure  being  so  low,  or,  in  other  words,  the 
potential  energy  which  the  systole  of  the  heart  imparts  to 
the  blood  being  so  greatly  exhausted  before  it  reaches  the 
veins,  other  influences  begin  here  appreciably  to  affect  the 
blood-stream : 

1.  Contraction  of  the  Muscles. — This  compresses  the  veins 
in  the  neighbourhood,  and  since  the  blood  is  compelled  by 
the  valves,  if  it  moves  at  all,  to  move  towards  the  heart,  the 
venous  circulation  is  in  this  way  helped. 

2.  Aspiration  of  the  Thorax. — In  inspiration  the  intra- 
thoracic pressure,  and  therefore  the  pressure  in  the  great 
thoracic  veins,  is  diminished,  and  blood  is  drawn  from  the 
more  peripheral  parts  of  the  venous  system  into  the  right 
heart  (p.  164). 

3.  Aspiration  of  the  Heart, — When  the  heart,  after  its 
contraction,  suddenly  relaxes,  it  is  said  that  for  a  little  time 
the  endocardiac  pressure  becomes  negative,  and  blood  is 
sucked  into  It.  just  as  when  the  indiarubber  ball  of  a  syringe 
is  compressed  and  then  allowed  to  expand.  Although  there 
has  been  a  great  deal  of  discussion  as  to  this  aspirating 
power  of  the  heart,  the  best  of  the  recent  observations  seem 
to  show  that  such  a  power  does  to  some  extent  exist — 
at  least  for  the  vigorously-contracting  left  ventricle.  Of 
course,  it  is  only  the  relaxation  of  the  right  ventricle  which 
could  directly  affect  the  venous  circulation. 

4.  Every  change  of  position  of  the  limbs,  as  in  walking, 
helps  on  the  venous  circulation  (Braune),  and  this  inde- 
pendently of  the  muscular  contraction.  When  the  thigh  of 
a  dead  body  is  rotated  outwards,  and  at  the  same  time 
extended,  a  manometer  connected  with  the  femoral  vem 
shovra  a  negative  pressure  of  5  to  10  mm.  of  water.     When 
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the  opposite  [movements  are  made,  the  pressure  becomes 
positive. 

It  follows  from  the  number  of  casually-acting  influences 
which  affect  the  blood-flow  in  the  veins  that  it  cannot  be 
very  regular  or  constant.  We  have  seen  that  in  the  great 
arteries  there  is  a  considerable  variation  of  velocity  and  of 
pressure  with  every  beat  of  the  heart ;  and  although  this 
variation  is  absent  from  the  veins,  since  normally  the  pulse 
does  not  penetrate  into  them,  the  venous  flow  is,  never- 
theless, as  a  matter  of  fact,  more  irregular  than  the  arterial. 
So  that  if  it  is  difficult  to  give  a  useful  definition  of  the 
term  *  velocity  of  the  blood '  in  the  case  of  the  arteries, 
it  is  still  more  difficult  to  do  so  in  the  case  of  the  veins. 
Where  voluntary  movement  is  prevented,  one  potent  cause 
of  variation  in  the  venous  flow  is  eliminated ;  and  in 
curarized  animals  certain  observers  have  found  but  little 
difference  between  the  mean  velocity  in  the  veins  and  in  the 
corresponding  arteries.  Others  have  found  the  velocity  in 
the  veins  considerably  less,  which  is  indeed  what  we  should 
expect  from  the  fact  that  the  average  cross-section  of  the 
venous  system  is  greater  than  that  of  the  arterial  system. 

To  sum  up,  we  may  conclude  that,  upon  the  whole,  the 
blood  passes  with  gradually-diminishing  velocity  from  the 
left  ventricle  along  the  arteries  ;  it  is  greatly  and  somewhat 
suddenly  slowed  in  the  broad  and  branching  capillar^'  bed ; 
but  the  stream  gathers  force  again  as  it  becomes  more  and 
more  narrowed  in  the  venous  channel,  although  it  never 
acquires  the  speed  which  it  has  in  the  aorta. 

To  complete  the  account  of  the  circulation  in  the  veins,  it 
must  be  added  that  in  some  healthy  persons,  but  more  fre- 
quently and  more  distinctly  in  cases  of  incompetence  of  the 
tricuspid  valve,  a  venous  pulse  may  be  seen  in  the  jugular 
vein  ;  but  this  pulse  travels  from  the  heart  against  the  blood- 
stream, not  with  it. 

The  Circulation  Time. — Hering  was  the  first  who  attempted 
to  measure  the  time  required  by  the  blood,  or  by  a  blood- 
corpuscle,  to  complete  the  circuit  of  the  vascular  system. 
He  injected  a  solution  of  potassium  ferrocyanidc  into  a  vein 
(generally  the  jugular),  and  collected  blood  at  intervals  from 
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the  corresponding  vein  of  the  opposite  side.  He  tlien  tested, 
by  means  of  a  ferric  salt  (FejClJ,  for  the  presence  of  the 
ferrocyanide  in  the  serum  of  his  samples  of  blood.  The 
first  one  which  contained  the  ferrocyanide  corresponded  to 
the  time  when  the  injected  salt  had  Just  completed  the 
circulation. 

This  method  was  improved  by  Vierordt,  who  arranged  a 
number  of  cups  on  a  revolving  disc  below  the  vein  from 
which  the  blood  was  to  be  taken.  In  these  cups  samples  of 
the  blood  were  received,  and  the  rate  of  rotation  of  the  disc 
being  known,  it  was  possible  to  measure  the  interval  between 
the  injection  and  appearance  of  the  salt  with  considerable 
accuracy- 
Hermann  modified  the  method  by  allowing  the  blood  to 
play  upon  a  revolving  drum  covered  with  a  paper  soaked  in 
ferric  chloride,  and  by  using  the  less  poisonous  sodium 
ferrocyanide  for  injection. 

The  recently-introduced  electrical  method  gives  us  the 
means  of  measuring  the  circulation  time  in  individual  organs, 
and  of  repeating  the  observations  an  indelinite  number  of 
times  on  the  same  animal.  A  cannula,  connected  with  a 
syringe  containing  a  solution  of  sodium  chloride  (usually  a 
2  to  5  per  cent,  solution),  is  tied  into  a  vein — say,  the 
jugular.  Suppose  that  the  time  of  the  circulation  from 
the  jugular  to  the  carotid  is  required — that  is,  practically 
the  time  of  the  lesser  or  pulmonary  circulation.  A  small 
portion  of  one  carotid  artery  is  isolated,  and  laid  on  a  pair 
of  (hook-shaped)  un-polarizable  electrodes,*  insulation  from 
the  underlying  tissues  being  secured  by  slipping  a  piece  of 
thin  sheet-indiarubber  below  the  electrodes.  The  electrodes 
are  connected  up  in  the  usual  Wheatstone's  bridgef  arrange- 
ment for  measuring  resistance,  and  the  bridge  is  balanced 
with  a  weak  current.  The  image  having  come  to  rest  on 
the  scale  of  the  galvanometer,  a  definite  small  quantity  of  the 
salt  solution  is  injected  from  the  syringe.  It  moves  on  with 
the  velocity  of  the  blood,  and,  reaching  the  portion  of  the 
arter>"  on  the  electrodes,  causes  a  diminution  of  the  electrical 
resistance.  This  disturbs  the  balance  of  the  bridge,  and  the 
♦  See  Chap.  IX.,  Pb>'sical  Inlroduciion.  t  Ibid* 


Fio.  i6.-Mka5i;rr>iknt  09  ths  Pulmonaky  CiBCUUATioN  Tifcre  IN 
Rabuit  9V  Injection  of  Methvlkkb  Blue. 

arter>'  and  another  under  the  renal  vein,  and  reading  off  the 
circulation  lime  from  the  point  of  injection  first  to  the  one 
and  then  to  the  other.  The  difference  gives  the  circulation 
time  through  the  kidney.  The  circulation  time  from  jugular 
to  jugular  of  the  horse  has  been  found  to  be  about  30  seconds 
(Hering  and  Vierordt).     In  a  a-kilo  rabbit  the  time  of  the 
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lesser  circulation  varies  from  2  to  3  seconds,  from  jugular 
to  jugular  5  to  7  seconds;  the  longest  paths  are  through 
the  kidney,  the  portal  circulation,  and  the  lower  limbs. 
Section  of  vaso-constrictor  nerves  (p.  123)  diminishes,  and 
stimulation  increases,  the  circulation  time  of  the  correspond- 
ing vascular  tract. 

Another  method  of  measuring  the  circulation  time  is  to 
inject  a  solution  of  a  pigment — r.g.,  methylene  blue — at  a 
given  point  of  the  vascular  system,  and  to  measure  the  time 
it  takes  to  arrive  at  any  other  point  (Practical  Exercises, 
p.  156). 

If  the  average  weight  of  blood  contained  in  an  organ  is  Wy 
and  the  average  circulation  time  through  that  organ  Z^,  then 
the  quantity  of  blood  passing  through  the  organ  in  time  i 

may  be  taken  as  w-.     Similarly,  if  W  is  the  weight  of  all  the 

blood  in  the  body,  and  T„  the  average  time  in  which  the 

T 
whole  of  the  blood  makes  a  complete  circuit,  W=-  is  the 

quantity  passing  through  each  ventricle  in  time  T.  Taking 
the  average  time  required  by  the  whole  of  the  blood  to  com- 
plete the  circulation  as  about  a  minute  in  a  70-kilo  man 
(probably  a  minute  and  a  quarter  would  be  nearer  the  truth), 
the  quantity  of  blood  as  5  kilos,  and  the  mean  pressure  in  the 
aorta  as  250  mm.  of  mercurj',  we  possess  data  for  calculating 
the  daily  work  done  by  the  left  ventricle  on  the  blood.  Up 
to  the  time  when  the  semilunar  valves  are  opened,  the  work 
done  by  the  ventricles  is  spent  in  raising  the  intra-vcntricular 
pressure  till  it  is  sufficient  to  overcome  the  pressure  in  the 
aorta.  If  a  vertical  tube  were  connected  with  the  left 
ventricle,  the  blood  would  rise  till  the  column  was  of  the 
same  weight  as  a  column  of  mercury  of  equal  section  and 
250  mm.  high.  This  column  of  blood  would  be  about 
3'2  metres  in  height.  If  a  reservoir  were  placed  in  com- 
munication with  the  tube  at  this  height,  a  quantity  of  blood 
equal  to  that  ejected  from  the  ventricle  would  at  each 
systole  pass  into  the  reservoir  ;  and  the  work  which  the  blood 
thus  collected  would  be  capable  of  doing,  if  it  were  allowed 
to  fail  to  the  level  of  the  heart,  would  be  equal  to  the  work 
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expended  by  the  heart  in  forcing  it  Qp.  Thus,  in  i  minute 
the  work  of  the  left  ventricle  would  be  equal  to  that  done 
in  raising  3  kilos  of  blood  to  a  height  of  3*2  metres — 
that  is,  16  kilogramme-metres ;  in  24  hours  it  would  be 
23,040 — say  23,000  kilogramme-metres.  Taking  the  mean 
pressure  in  the  pulmonary  arter>'  at  one-third  of  the  aortic 
pressure,  we  get  for  the  daily  work  of  the  right  ventricle 
about  7,000  kilogramme  -  metres.  The  work  of  the  two 
ventricles  is  thus  about  30,000  kilogramme-metres,  which  is 
enough  to  raise  a  weight  of  half  a  stone  from  the  bottom  of 
the  deepest  mine  in  the  world  to  the  top  of  its  highest 
mountain,  or  to  raise  the  man  himself  to  more  than  twice 
the  height  of  the  spire  of  Strasburg  Cathedral.  By  friction 
in  the  bloodvessels  this  work  is  almost  all  changed  into  its 
equivalent  of  heat,  namely,  about  70,000  small  calories  (see 
Chap.  VIII.).  The  total  heat  production  of  the  heart  is  pro- 
bably at  least  four  or  five  times  this  amount  ;  for  the  most 
economically  working  muscle  does  not  probably  convert  into 
work  more  than  one-fourth  or  one-fifth  of  the  chemical  energ>* 
expended  during  contraction.  Further,  since  the  contraction 
of  the  heart  is  always  maximal  (p.  in),  and  there  is  reason  to 
believe  that  the  quantity  of  blood  ejected  at  a  single  systole 
by  the  left  ventricle  (being  dependent  upon  the  inflow  from 
the  pulmonary'  \'eins,  and  therefore  upon  the  inflow  into  the 
right  side  of  the  heart  from  the  systemic  veins)  varies  widely, 
some  of  the  mechanical  e/fect  of  the  contraction  must  be 
wasted  when  the  quantity  is  less  than  the  ventricle  is 
capable  of  expelling. 

If  5  kilos  of  blood  pass  through  the  heart  in  one  minute 
with  the  average  pulse-rate  of  72  per  minute,  the  quantity 

ejected  by  either  ventricle  with  every  systole  will  be  2-— 

=  69  grm.,  or  72  cc.  This  is  much  less  than  the  estimate 
of  Vierordt ;  but  the  calculations  of  recent  observers,  based 
on  direct  measurements  of  the  blood-flow  in  dogs  (Stolnikow) 
and  rabbits  (Tigerstedt),  show  that  Vierordt's  figure  is  too 
high.  In  the  middle  of  last  centur)',  Fassavant  calculated  the 
discharge,  or  '  contraction-volume/  as  it  is  called,  of  the  left 
ventricle  at  46'5  grm.,  which  is  probably  somewhat  too  low. 
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The  Relation  of  the  Heiroas  System  to  the  Circalatioa. 

So  far  we  have  been  considering  the  circulation  as  a  purely 
physical  problem.  We  have  spoken  of  the  action  of  the 
heart  as  that  of  a  force-pump,  and  perhaps  to  a  small  extent 
that  of  a  suction-pump  too.  We  have  spoken  of  the  blood- 
vessels as  a  system  of  more  or  less  elastic  tubes  through 
which  the  blood  is  propelled.  We  have  spoken  of  the  re- 
sistance which  the  blood  experiences  and  the  pressure  which 
it  exerts  in  this  system  of  tubes*  and  we  have  considered 
the  causes  of  this  resistance,  the  interpretation  of  this 
pressure,  and  the  physical  changes  in  the  vascular  system 
that  may  lead  to  variations  of  both.  But  so  far  we  have 
not  at  all,  or  only  incidentally  and  very  briefly,  dealt  with 
the  physiological  mechanism  through  which  the  physical 
changes  are  brought  about.  We  have  now  to  see  that 
although  the  heart  is  a  pump,  it  is  a  living  pump;  that 
although  the  vascular  system  is  an  arrangement  of  tubes, 
these  tubes  are  alive ;  and  that  both  heart  and  vessels  are 
kept  constantly  in  the  most  delicate  poise  and  balance  by 
impulses  passing  from  the  central  nervous  system  along  the 
nerves. 

In  many  respects,  and  notably  as  regards  the  influence  of 
nerves  on  it,  we  may  look  upon  the  heart  as  an  expanded, 
thickened  and  rhythmically-contractile  bloodvessel,  so  that 
an  account  of  its  innervation  may  fitly  precede  the  descrip- 
tion of  vaso-motor  action  in  general. 

The  Eclation  of  the  Heart  to  the  Nervous  System. — A  very 
simple  experiment  is  sufficient  to  prove  that  the  beat  of  the 
heart  does  not  depend  on  its  connection  with  the  central 
nervous  system,  for  an  excised  frog's  heart  may,  under 
favourable  conditions^  of  which  the  most  important  are  a 
moderately  low  temperature,  the  presence  of  oxygen  and  the 
prevention  of  evaporation,  continue  to  beat  for  days.  The 
mammalian  heart  also  beats  for  a  time  after  removal  from 
the  body.  But  although  this  proves  that  the  heart  can  beat 
when  separated  from  the  central  nervous  system,  it  does  not 
prove  that  nervous  influence  is  not  essential  to  its  action. 
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for  in  the  cardiac  substance  nervous  elements,  both  cells  and 
fibres,  are  to  be  found. 

The  Intrinsic  Hetrei  of  the  Heart. — In  the  heart  of  the  frog 
there  is  a  group  of  nerve-cells  in  the  sinus  venosus  near  its 
junction  with  the  right  auricle  (Remak's  ganglion).  The 
vagus,  or  rather  the  vago-syinpathetic  nerve  (for  in  the  frog 
the  vagus  is  joined  a  little  below  its  exit  from  the  skull  by  the 
sympathetic),  enters  the  heart  along  the  superior  vena  cava 
(pp.  147,  148),  In  passing  through  the  sinus,  the  true  vagus 
fibres,  or  some  of  them,  which  have  hitherto  been  meduUated, 
are  believed  to  make  junction  with  these  ganglion  cells,  and 
to  pursue  their  course  beyond  them  as  non-meduUated  fibres. 
Nerve  fibres  pass  in  two  main  bundles  down  the  anterior 
and  posterior  portions  of  the  auricular  septum  to  two  groups 
of  ganglion  cells  (Bidder's  ganglion),  from  which  fine  nerve- 
branches  can  be  traced  for  a  short  distance  into  the  sub- 
stance of  the  ventricle.  In  the  mammalian  heart  nerve-cells 
and  fibres  are  also  present,  though  their  distribution  has 
been  less  studied  than  in  the  heart  of  the  frog. 

Now,  it  was  long  supposed  that  the  presence  of  ganglion 
cells  was  the  clue  to  the  explanation  of  the  automatic  con- 
traction of  the  heart.  They  were  looked  upon  as  centres 
from  which  impulses  were  sent  out  at  regular  intervals  to 
the  cardiac  muscular  fibres.  '  But  the  importance  of  the 
ganglia  in  this  relation  diminished  when  it  was  known  that 
the  ganglion-free  apex  of  the  frog's  heart  could  pulsate 
rhythmically  under  certain  conditions  when  isolated  from  the 
rest  of  the  organ  by  section  ;  that  the  apex  which  was  still 
anatomically  connected  with  the  heart,  but  brought  to  rest 
by  the  crushing  of  an  intermediate  zone  of  tissue,  could 
also  be  caused  to  beat  again  with  a  rhythm  of  its  own,  par- 
ticularly by  raising  the  pressure  inside  the  heart ;  that  the 
"heart"  preparation,  made  by  tying  a  frog's  heart  on  a 
cannula  by  a  ligature  round  the  auricle  or  sinus,  although  it 
contains  ganglia,  remained  in  standstill  for  some  time  after 
isolation  from  the  higher  parts  of  the  heart,  and  was  affected 
by  internal  pressure  and  nutritive  liquids  of  diflferent  kinds, 
much  in  the  same  way  as  the  ganglion-free  apex;  and  that 
the  isolated  ventricle  of  a  heart  from  which  Bidder's  ganglia 
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had  been  removed  could  also  be  brought  to  rhythmical 
pulsation.  We  know  further  that  the  bulbus  aortae  in  the 
frog,  which  seems  to  contain  no  ganglion  cells,  can  be  made 
to  pulsate ;  that  strips  of  the  ventricle  of  the  tortoise,  also 
free  from  ganglia,  can  be  made  to  beat  rhythmically  ;  that 
the  rhythmical  contractions  of  the  smooth  muscle  of  the 
ureter  of  the  rabbit  and  dog  are  affected  by  distension  much 
as  the  cardiac  muscle  is ;  and  finally  that  even  ordinary 
skeletal  muscle  can  contract  in  a  rhythmical  manner  under 
the  stimulus  of  a  certain  tension  and  in  certain  saline 
solutions.* 

We  can  hardly  doubt  in  view  of  these  facts  that  the 
automatic  rhythmical  contraction  of  the  heart  is  a  property 
of  tbe  cardiac  muscle,  a  property  also  possessed,  though  in 
much  smaller  degree,  by  muscular  tissue  in  other  parts  of 
the  vascular  system,  tf-^-.,  in  the  vessels  of  the  rabbit's  ear, 
and  the  veins  of  the  bat's  wing. 

We  have  seen  that  there  is  a  normal  order  or  sequence  in 
which  the  different  parts  of  the  heart  contract,  the  contrac- 
tion beginning  both  in  the  frog  and  in  the  mammal  at  the 
base  and  travelling  more  or  less  rapidly  towards  the  apex. 
It  would  seem  that  the  muscular  tissue  of  the  part  of  the 
heart  in  which  the  beat  begins  has  a  higher  rhythmical  power 
than  the  rest  of  the  cardiac  muscle,  and  that  normally  the 
contraction  is  only  propagated,  not  originated,  by  the  lower 
portion   of  the   heart.     But   under  certain  conditions  the 
normal   sequence   can  be  reversed.      In   the   heart   of  the 
skate,  «.^.,  it  is  easy  by  stimulating  the  bulbus  arteriosus  to 
cause  a  contraction  passing  from  bulbus  to  sinus.     Not  only 
may  the  normal  sequence  be  changed  in  the  entire  heart, 
but  any  part  of  the  heart  may  apparently  have  its  rhythmical 
power   exalted   by   appropriate    means,  so   that   it  can  be 
brought  to  beat  rhythmically  when  isolated  from  the  rest  of 
the  heart.     On  the  other  hand,  the  power  of  propagating  the 
contraction  may  be  artificially  interfered  with — increased  by 
heat,  diminished  by  cold,  abolished  by  pressure  or  fatigue. 
If,  e.g.,  a  frog's  heart  is  supported  by  a  clamp  fixed  in  the 
auriculo -ventricular  groove,  and  the  clamp  is  tightened  or 
the  ventricle  cooled,  while  the  auricle  is  at  the  ordinary  tern- 
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perature,  or  if  the  auricle  is  heated  while  the  ventricle  is 
at  the  ordinary  temperature,  only  every  second  or  third 
auricular  beat  will  be  followed  by  a  ventricular  beat  (p.  146). 

Stanniua"  Expenment  (p.  149). — If  in  a  frog's  heart  a  ligature 
is  tied  firmly  at  the  junction  of  the  sinus  with  the  right 
auricle,  or  if  a  section  is  made  through  the  junction,  the 
auricles  and  ventricle  stop  beating  for  a  time,  while  the  sinus 
generally  continues  to  pulsate.  Direct  stimulation  of  the 
quiescent  portion  of  the  heart  causes  a  beat  or  a  series  of 
beats.  A  second  ligature  or  section  at  the  auriculo*ven- 
tricular  junction  causes  the  ventricle  to  pulsate  while  the 
auricle  still  remains  at  rest.  But  occasionally  both  auricle 
and  ventricle,  or  only  the  auricle,  may  begin  to  beat. 
Opinion  is  divided  as  to  the  meaning  of  these  phenomena. 
To  Gaskell  and  his  followers  the  most  probable  explanation 
of  the  standstill  caused  by  the  first  ligature  is  that  the 
lower  portion  of  the  heart,  when  cut  off  from  the  sinus  in 
which  the  beat  normally  originates,  needs  some  time  for  the 
development  of  its  rhj'thmical  power  to  the  point  at  which 
an  independent  rhythm  can  be  maintained.  For  in  the 
heart  of  the  tortoise,  in  which  a  similar  temporary  standstill 
of  the  auricles  and  ventricle  occurs  when  the  former  are 
detached  from  the  sinus,  the  circulation  of  a  blood  solution 
through  the  coronary  vessels  or  the  application  of  atropia, 
both  of  which,  according  to  Gaskell,  increase  the  rhythmical 
power  of  the  cardiac  muscle,  prevent  or  remove  the  stand- 
still. The  effects  following  the  second  Stannius*  ligature 
are  supposed  to  be  due  to  stimulation  of  the  muscular  tissue 
by  the  ligature.  Hut  it  is  difficult  to  explain  why  the  second 
ligature  should  stimulate  the  ventricle  in  preference  to  the 
auricles,  and  why  the  first  ligature  should  apparently  not 
stimulate  the  muscular  tissue  at  all. 

Another  view  is  that  the  first  ligature  stimulates  the  in- 
hibitory mechanism  (vagus  fibres)  at  the  junction  of  the 
sinus  and  auricle,  a  position  in  which  it  is  specially  sensitive 
to  stimuli.  This  causes  inhibition  of  the  whole  of  the  heart 
below  the  ligature.  The  second  ligature  cuts  off  the  ven- 
tricle from  the  inhibitory  impulses,  while  leaving  the  auricle 
still  under  their  influence. 
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Iq  addition  to  its  marked  power  of  rhythmical  contraction, 
the  cardiac  muscle  is  distinguished  from  ordinary  skeletal 
muscle  by  other  peculiarities.  The  most  striking  of  these  is 
that  '  it  is  ever>'thing  or  nothing  with  the  heart ;'  in  other 
words,  the  contraction  is  always  maximal ;  a  weak  stimulus, 
if  it  can  produce  a  beat  at  all,  causes  as  great  a  contraction 
u  a  strong  stimulus.  Another  peculiarity  is  that  a  true 
tetanus  of  the  cardiac  muscle  cannot  be  obtained  at  all,  or 
only  under  very  special  conditions.  When  the  ventricle  of 
a  frog's  heart  is  stimulated  by  a  r^pid  series  of  induction 
shocks  its  rate  is  generally  increased,  but  there  is  no  definite 
relation  between  the  number  of  stimuli  and  the  number  of 
beats*  Many  of  the  stimuli  are  ineffective.  In  the  same 
way  a  portion  of  the  heart,  such  as  the  apex  of  the  ventricle, 
when  stimulated  in  the  quiescent  condition  by  an  interrupted 
current,  responds  by  a  rhythmical  series  of  beats  and  not  by 
a  tetanus*  It  is  evident  that  the  cardiac  muscle,  like  ordinary 
striped  muscle,  is  for  some  time  after  excitation  incapable  of 
responding  to  a  fresh  stimulus,  i>.,  there  is  a  refractory 
period.  But  this  is  immensely  longer  in  cardiac  than  in 
skeletal  muscle.  It  is,  however,  shorter  for  strong  than  for 
vreak  stimuli,  and  is  markedly  diminished  by  raising  the 
temperature  of  the  heart.  So  that  stimulation  of  the 
heated  heart  with  a  series  of  strong  induction  shocks 
may  cause  a  tetaniform  condition,  if  not  a  typical  tetanus. 
The  contraction  of  the  normally  beating  heart  is  really  a 
simple  contraction  and  not  a  tetanus.  The  capillary  electro- 
meter shows  only  the  electrical  changes  corresponding  to  a 
single  contraction  ;  and  when  the  nerve  of  a  nerve-muscle 
preparation  is  laid  on  the  heart,  the  muscle  responds  to  each 
beat  by  a  simple  twitch  and  not  by  tetanus  (p.  152), 

Like  ordinary  skeletal  muscle,  the  cardiac  muscle  is  at  first 
benefited  by  contraction,  so  that  when  the  apex  is  stimulated 
at  regular  intervals,  each  contraction  is  somewhat  stronger 
than  the  preceding  one.  To  this  phenomenon  the  name  of 
the  staircase  or  *  treppe  *  has  been  given  from  the  appearance 
of  the  tracings  (see  Chap.  IX.), 

Th«  Eztruuic  Herret  of  the  Heart. — By  its  nerves  the  heart 
is  brought  into  relation  with  the  grey  matter  in  the  medulla 
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oblongata,  for  the  vagus  takes  origin  here.  The*  sym- 
pathetic fibres  which  act  upon  the  heart  come  ofT  in  the  frog 
from  the  upper  part  of  the  spinal  cord  by  a  branch  from  the 
third  nerve  to  the  sympathetic  ganglia,  and  thence  find  their 
way  along  the  sympathetic  cord  to  its  junction  with  the 
vagus,  in  company  with  which  they  run  down  to  the  heart. 
We  shall  first  consider  the  function  of  these  nerves  in  the 
frog,  and  then  pass  on  to  the  extrinsic  nerves  of  the 
mammalian  heart. 

When  the  vago-sympathetic  in  the  frog  or  toad  is  cut*  and 
its  peripheral  end  stimulated,  the  heart  in  the  vast  majority' 


Fig.  37  (aiter  Fostkk).— Diagkam  or  Exthinsic  Nmvks  of  Fiog's  Hkakt. 

Ill,  3rd  spinal  nerve  ;  AV.  adddIus  q\  V'ieuuens  -,  X.  roots  of  ragus  :  IX,  glosso- 
phAryDgeal  nerw;  VS.  comt^ned  vagus  nnd  sympathetic  :  i,  a  and  3,  ilie  1st.  and 
jind  3rd  sympitheifc  ganglia.  The  dark  line  indicates  the  coofse  o(  Uie  sympAiT 
fihrcs.     The  arrows  sbow  ihe  directioa  of  the  augmeotor  impulMk 

of  cases  is  stopped  or  slowed,  or  its  beat  is  distinctly 
weakened  without,  it  maybe,  any  marked  slowing.  In  other 
words,  the  rate  at  which  the  heart  was  working  before  the 
stimulation  is  greatly  diminished,  or  reduced  to  zero.  Such 
an  effect,  a  diminution  of  the  rate  of  working,  we  call  Inhibi- 
tion. What  precise  form  the  inhibition  shall  take,  whether 
the  stoppage  shall  be  complete  or  partial,  appears  to  depend 
partly  upon  the  strength  of  the  stimulus  used,  and  partly 
upon  the  state  of  the  heart  itself.  Some  hearts  it  may  be 
impossible  to  stop  with  weak  stimulation,  although  other 
signs  of  inhibition  may  be  distinct*  while  they  are  readily 
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stopped  by  stronger  stimulation.  In  other  cases  the 
strongest  stimulation  may  not  produce  complete  standstill. 
Again,  a  heated  heart  may  be  more  readily  brought  to  stand- 
still by  stimulation  of  the  vagus  than  a  heart  at  the  ordinary 
temperature  or  a  cooled  heart. 

But  there  are  other  points  of  importance  to  be  noted  in 
regard  to  this  inhibition :  (i)  It  does  not  begin  for  a  little 
time  after  stimulation  has  begun.  In  other  words,  there  is 
a  distinct  Intent  period;  and  the  length  of  this  latent  period 


Kic.  38.— TiiAcmo  nioM  Fkoc's  Ht:AKT. 

A.  Atir.culjr,  V,  ventriculflT  trnciag.  Sinu»  stimuUted  (primary  coil  70  mm.  from 
»l^:l)n(l.u»^.  HcArt  at  icmpcralure  ifa"  C.  Complcle  standstill.  The  time  tracing 
betwcca  III?  curves  m^itlu  intervals  of  two  seconds. 

is  related  to  the  phase  of  the  heart's  contraction  at  which 
the  stimulus  is  thrown  in,  and  to  the  rate  at  which  the  heart 
is  beating.  As  a  general  rule  the  heart  makes  at  least  one 
beat  before  it  stops. 

(2)  The  inhibition  does  not  continue  indefinitely,  even  if 
stimulation  of  the  nerve  is  kept  up.  Sooner  or  liter,  and 
usually,  in  fact,  after  an  interval  of  a  few  seconds,  tlie  heart 
begins  again  to  beat  if  it  has  been  completely  stopped,  or  to 
<|uicken  its  beat  if  it  has  only  been  slowed,  or  to  strengthen 


A  MANUAL  or  PHYSIOLOGY, 

it  if  the  inhibition  has  only  weakened  the  contraction, 
and  it  soon  regains  its  old  rate  of  working.  Not  only 
so,  but  very  often  there  follows  a  longer  or  shorter  period 
during  which  the  heart  works  at  a  greater  rate  than  it  did 
before  the  inhibition,  and  this  greater  rate  of  working  may 
be  manifested  by  increased  frequency  of  beat,  or  increased 
strength  of  beat,  or  by  both.  When  the  temperature  of  the 
heart  is  low,  increased  frequency ;  when  it  is  high,  increased 
strength,  is  generally  seen  during  this  period  of  secondary 
augmentation.  The  term  augmentation  is  the  converse  of  im- 
hibition.     During  augmentation  the  rate  of  working  of  the 


Fit;.  39.— Fscxis  HtAKT.    Vagus  Stimuuatku, 

TerapermtureoChcui8*C..78  mm.  between  the  cotls.     Diminutioo  id  force  of  auride 
■ml  ventricle,  but  not  complete  sunduilL     Time  tndng  shows  two-second  tntovab. 

heart  is  greater  than  the  normal.  'Secondary*  augmenta- 
tion is  an  augmentation  following  on  inhibition,  whether 
there  is  any  causal  relation  between  the  two  or  not. 

How  is  inhibition  produced  ?  By  the  direct  action  of  the 
nerve-fibres  on  the  cardiac  muscle,  or  through  the  interven- 
tion of  linkage  arrangements  such  as  nerve-cells  ?  The 
battle  which  has  been  fought  for  a  good  many  years  over 
these  questions  cannot  be  said  to  be  yet  ended,  although 
from  the  action  of  various  poisons  it  is  most  probable  that 
the  cells  on  the  course  of  nerve-fibres  in  the  heart  are  rather 


THE  CiRCULATlOX  OF  THE  BLOOD  AND  LYMPH,    ii; 

stations  where  the  fibres  lose  their  medulla,  and  where 
possibly  other  anatomical  changes  and  rearrangements  occur, 
than  important  intermediate  mechanisms  which  essentially 
modify  the  physiological  impulses  falling  into  them,  and 
shape  the  visible  results  that  follow  those  impulses. 
^  Thus,  after  nicotine  has  been  injected  subcutaneously,  or 
painted  directly  on  the  heart,  stimulation  of  the  vago-sympa- 
thetic  causes  no  inhibition  ;  it  may  cause  augmentation. 
But  stimulation  of  the  junction  of  the  sinus  and  auricle 
Still  causes  inhibition,  as  in  the  normal  heart.  Curara, 
Conine,  and  other  drugs,  resemble  nicotine  in  this  respect. 

Atropia  and  its  allies,  such  as  daturine,  not  only  abolish 
the  inhibitory  effect  of  stimulation  of  the  vagus  trunk,  but 
also  that  of  stimulation  of  the  junction  of  sinus  and  auricle. 

Muscarine,  a  poison  contained  in  certain  mushrooms 
(p.  Z49)*  causes  diastolic  arrest  of  the  heart,  which,  when 
the  circulation  is  intact,  becomes  swollen  and  engorged 
with  blood.  This  action  takes  place  in  a  heart  already 
poisoned  with  nicotine  or  one  of  its  congeners,  but  not  in  a 
heart  under  the  influence  of  atropia  or  its  allies.  And  a  heart 
brought  to  standstill  by  muscarine  can  be  made  xo  beat  again 
by  the  application  of  atropia,  although  not  by  nicotine. 

Pilocarpine  has  much  the  same  action  as  muscarine. 

These  facts  may  be  explained  as  follows:  Nicotine 
paralyzes  not  the  very  ends  of  the  vagus,  but  the  ganglia 
through  which  its  fibres  pass.  Stimulation  of  the  sinus, 
which  is  practically  stimulation  of  the  vagus  fibres  between 
the  ganglion  cells  and  the  muscular  6bres,  is  therefore 
effective,  although  stimulation  of  the  nerve-trunk  is  not 
(I-angley).  On  the  other  hand,  the  atropia  group  paralyzes 
the  nerve-endings  themselves,  so  that  neither  stimulation 
of  the  sinus  nor  of  the  nerve-trunk  can  cause  inhibition. 
Muscarine,  on  the  contrary,  stimulates  the  vagus  fibres 
between  the  nerve-ceils  and  the  muscle,  or  the  actual  nerve- 
endings,  and  thus  keeps  the  heart  in  a  state  of  permanent 
inhibition,  which  is  removed  when  atro'pla  cuts  out  the 
nerve-endings.  It  is  quite  in  accordance  with  this,  that 
muscarine  has  no  effect  on  a  heart  whose  vagus  nerves,  as 
occasionally  happens,  have  no  inhibitor)'  power. 
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Some  observers  have  supposed  that  althoagh  muscarine 
and  pilocarpine  in  large  doses  do  act  on  the  nervous 
structures  of  the  sinus»  their  primary  and  chief  action  is  to 
depress  the  rhythmical  power  of  the  muscle,  which  atropia, 
on  the  other  hand,  increases.  Curara  and  nicotine,  they  savi 
do  not  affect  the  muscle  of  the  heart,  but  only  interrupt 
the  conductivity  of  the  fibres  of  the  vagus,  and  therefore 
direct  stimulation  of  the  sinus  is  still  able  to  cause  inhi- 
bition. 

But  it  would  seem  that  the  power  of  a  stimulus  like  an 
interrupted  current  to  cause  inhibition  of  muscular  action, 


tlG.  4a — Fkuus  1-Ilakt. 

^"Bp^lhe'lc  ^timnlftted  (30  mm.  between  ihe  <roil»|.  TMnprrsiun  ia°.  Maik«d 
iflOTftse  In  force.  Only  auricuLir  itaciiig  rrprotluced.  1  imi;  trace,  tM»-!econd 
Intcrvnls, 

independently  of  inhibitory  nerves,  has  been  too  hastily 
assumed.  For  in  the  snail's  heart  and  other  structures  in 
which  it  was  asserted  that  inhibition  could  be  directly 
produced  by  a  series  of  induction  shocks,  the  presence  of 
inhibitory  nerves  has  been  lately  shown  (Ransom),  and  this 
discovery  cuts  away  part  of  the  ground  on  which  the 
assumption  was  based. 

We  have  now  to  consider  the  cause  of  the  secondary' 
augmentation,  which  so  often  follows  inhibition  when  the 
vago-sympathetic  is  stimulated  in  the  frog. 
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There  is  no  doubt  that  the  greater  part  of  the  augmenta- 
tion, at  any  rate,  is  due  to  the  action  of  the  sympathetic^ 
accelerator,  or,  as  it  is  better  to  call  them  (since  mere 
acceleration  is  not  the  only  consequence  of  their  stimulation)^ 
augtnentor  fibres  in  the  mixed  nerve.  This  is  shown  (x)  by 
stimulating  the  pure  vagus  roots  within  the  skull,  and  there- 
fore above  the  junction  of  the  sympathetic  fibres.  When 
this  is  done  electrically,  a  very  difficult  experiment,  or  when 
the  medulla  is  stimulated  by  the  application  of  a  crystal  of 
salt,  the  inhibition  lasts  far  longer  than  when  the  mixed 


A  K  •  c»r*f  rermrniinit  In  an  cxperitDcni  ih«  mic  of  the  hean  before  siimuUtion 
of  n  I'll  H  the  maximum  ntte  after  fttimuiation,  the  number  of  beats 

per    .  I  b)oo(!  the  vcriical,  and  The  rcmpcrulutc'  &lonK  ttit:  hori/.ontal 

•(b  .xvinfc  the  ratio  of  ihc  frequency  at(<!:r.  lo  t)ut  before  uimiilntion 

o(  the  »yiiipjitiiciic.  D  &how&  (he  obtolatc  amount  of  acceleration  m  the  v^irious 
iciTif«ra lures,  the  ordin,itc»  being;  the  excess  of  the  rate  ai'ter,  over  that  before  ximuia' 
tio«». 

trunk  is  stimulated  ;  and  secondary  augmentation  is  absent, 
or  only  feebly  marked. 

(2^  When  the  peripheral  end  of  the  vago-sympathetic  on 
one  side,  and  the  upper  or  cephalic  end  of  the  sympathetic 
on  ihe  other,  are  alternately  and  equally  stimulated,  the 
curve  of  primary  augmentation  (1.^.,  augmentation  beginning 
withuut  a  preceding  inhibition)  caused  by  sympathetic 
stimulation  bears  a  remarkable  resemblance  to  the  curve 
of  secondary  augmentation  following  stimulation  of  the 
tnL\ed  nerve 
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(3)  When  the  vago-sympathetic  is  stimulated  weakly  there 
is  little  or  no  secondary  augmentation.  Now,  it  is  known 
that  the  augmentor  fibres  require  a  comparatively  strong 
stimulus  to  cause  any  effect  when  they  are  separately 
excited,  whereas  a  weak  stimulus  will  excite  the  inhibitory 
fibres. 

Puttinp^  these  facts  together,  we  conclude  that  when  the 
sympathetic  fibres  are  not  stimulated,  the  secondary  augmen- 
tation is  slight  or  wanting. 


KiG.  4a. — KKOs'ti  Heaht. 

Vrniricle  beating;  very  f«hly.     Vngus  siifnulaleU  (60  mm.  between  coils).     Marked 
augnfwmau'on  of  vcniricular  Xkax  (V|. 

In  the  tortoise  the  inhibitory  and  augmentor  fibres  seem 
to  run,  in  great  part  at  least,  separately.  The  two  vagi 
have  not  the  same  inhibitory  power  in  this  animal,  the  right 
being,  as  a  rule,  more  effective  than  the  left  ;  but  marked 
secondary  augmentation  follows  stimulation  of  neither. 

It  is  a  noteworthy  fact  that  the  inhibition  caused  by 
stimulation  of  the  vago-sympaihetic  in   the   frog  runs  its 
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course  apparently  without  being  affected  by  the  simultaneous 
augmentor  effect,  which  lies  latent  until  the  end  of  the 
inhibition,  and  then  bursts  out  and  completes  its  own  curve. 
It  is  not  like  the  passing  of  two  waves  through  each  other, 
but  rather  like  the  stopping  of  one  wave  until  the  other  has 
passed  by.  It  seems  as  if  augmentation  cannot  develop 
itself  in  the  presence  of  inhibition,  at  least  until  the  latter 
is  nearly  spent.  The  inhibition  caused  by  a  weak  stimulus 
takes  precedence  of  the  augmentation  caused  by  a  strong 


Fig.  43.— Diagram  of  CAsuiAf:  Nrrves  in  the  Dor.  (AtTKR  Fostkr). 

II,  111,  second  and  third  dorsal  ncrva ;  SA,  subclnWan  anery ;  AV,  annulusof 
Vleiawn*:  ICG.  inferior  cervical  ganRlioiv  ;|CS.  cervical  sympaihelic  :  I,  first  thoracic 
or  itclUtc  ganglion  o(  llic  symp.iOictic  ;  2.  second  thoracic  ganglion  ;  Ac,  acccleralor 
oraugmentor  fibres  pflssing  off  towards  ihr  lican  ;  X.  roots  of  va^s  ;  XI,  roots  of 
sploaf  accessory  ;  Jfj,  juguUr  ganglion;  GTV,  ganglion  irunci  vigi ;  Id,.  inhibUoiy 
fibrei  pasting  ofT toward*  the  heart. 

stimulus,  although  it  never  permanently  suppresses  nor  even 
diminishes  it. 

Occasionally  in  the  frog,  stimulation  of  the  vago-sym- 
pathetic  causes,  not  inhibition,  but  augmentation  from  the 
first  (primary  augmentation).  This  is  especially  liable  to 
occur  if  the  preparation  has  been  long  worked  with  and 
much  exposed  ;  and  in  many  of  these  cases  inhibitory  power 
can  be  restored  by  moistening  the  nerve  or  the  heart,  or  by 
raising  the  temi>erature  of  the  latter  (Fig.  42). 
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Stimulation  of  the  central  end  of  a  peripheral  nerve,  or  of 
the  central  end  of  one  vagus,  the  other  being  intact,  may 
cause  rtficx  inhibition.  Mechanical  stimulation  of  the  intcs- 
tineSj  as  by  striking  with  a  knife-handle  or  pinching,  will 
also  cause  reflex  inhibition. 

In  mammals  (and  in  what  follows  we  shall  restrict  ourselves 
to  the  dog,  cat  and  rabbit,  as  it  is  in  these  animals  that  the 
subject  has  been  chiefly  studied)  the  inhibitor^'  fibres  run 
down  the  vagus  in  the  neck  and  reach  the  heart  by  its 
cardiac  branches.  They  are  not.  however,  derived  from  the 
roots  of  the  vagus  itself,  but  from  the  inner  branch  of  the 
spinal  accessory,  which  joins  the  vagus.  The  an^^mentor 
fibres  leave  the  spinal  cord  in  the  anterior  roots  of  the 
second  and  third  thoracic  nerves,  and  possibly  to  some 
extent  by  the  fourth  and  fifth.  Through  the  corresponding 
white  rami  communicantes  they  reach  the  sympathetic  cord, 
and  running  up  through  the  stellate  ganglion  (first  thoracic), 
and  the  annulus  of  Vieussens,  which  surrounds  the  sub- 
clavian artery,  to  the  inferior  cervical  ganglion,  they  pass  off 
to  the  heart  by  separate  *  accelerator  *  branches  taking 
origin  either  from  the  annulus  or  from  the  inferior  cervical 
ganglion. 

In  the  dog  the  vagus  and  cervical  sympathetic  are,  in  the 
great  majority  of  cases,  contained  in  a  strong  common 
sheath,  and  pass  together  through  the  inferior  cervical 
ganglion.  After  opening  this  sheath,  they  may  with  care  be 
separated,  the  fibres  running  in  distinct  strands  and  not 
nuixed  together  as  in  the  vago-sympathetic  of  the  frog.  For 
some  distance  below  the  superior  cervical  ganglion  the 
cervical  sympathetic  is  not  connected  with  the  vagus,  and 
here  the  nerves  may  be  separately  stimulated  without  any 
artificial  isolation,  but  the  electrodes  must  be  very  well 
insulated,  as  the  available  length  of  nerve  is  small. 

In  the  rabbit,  cat,  horse,  and  some  other  mammals,  the 
vagus  and  sympathetic  run  a  separate  course  in  the  neck. 

The  effects  of  stimulation  of  the  vagus  or  vago-sym- 
pathetic in  the  mammal  are  very  much  the  same  as  in  the 
frog,  except  that  secondary  augmentation  is  far  less  marked 
and  often  altogether  absent.     In  the  mammal  the  inhibitory 
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fibres  have  no  direct  action  on  the  ventricle.  It  beats  more 
slowly  when  the  auricle  is  slowed,  but  this  is  only  because  in 
the  normally  beating  heart  the  ventricle  takes  the  time  from 
the  auricle.  The  strength  of  the  ventricular  contractions  is 
not  at  all  diminished  even  when  the  auricle  is  beating  very 
feebly  during  inhibition.  When  the  auricle  is  completely 
stopped,  which  does  not  occur  so  readily  as  in  the  frog,  the 
ventricle  stops  for  a  short  time,  but  soon  begins  to  beat 
again  with  an  independent  rhythm  of  its  own.  In  the  frog 
the  ventricle  is  directly  affected  by  stimulation  of  the  vagus, 


l-IG.  44.  — bLOOr>-PBKSSUKIi  Thalinc  (Kabbiti. 

Vagus  ftiimukted  at  i.     StiniuLus  stronger  In  D  tbaa   ia  A  (HUrthle's  aphygmo- 
Buaatne:cr). 

and  the  force  of  its  beats  is  diminished  independently  of  the 
inhibitory  effects  in  the  auricles  (*  Practical  Exercises/  pp. 

152.  154)- 

Stimulation  of  the  accelerator  nerves  in  the  dog  causes 
increase  in  the  force  of  both  the  auricular  and  ventricular 
contraction,  and,  as  a  rule,  in  addition,  some  increase  in  the 
rate  of  the  beat. 

When  the  central  end  of  a  nerve  like  the  sciatic  is^stimu- 
UUedy  the  usual  result  is  a  pure  augmentor  effect  of  the  same 
type  as  that  produced  by  direct  stimulation  of  the  accelera- 
tor nerves  themselves.     Sometimes,  however,  the  augmenta- 
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tion  is  abruptly  followed  by  a  t^^pical  vap^s  action.  Here 
the  reflex  inhibitory  effect  seems  to  break  in  upon  and  cut 
short  the  reflex  augmcntor  effect.  When  the  central  end  of 
one  vago-sympathetic  is  excited,  the  corresponding  nerve  on 
the  opposite  side  being  intact,  pure  inhibition  is  the  result 
(Roy  and  Adami).  In  the  rabbit,  stimulation  by  ammonia 
of  the  fibres  of  the  trigeminal  nerve  which  confer  common 
sensation  on  the  mucous  membrane  of  the  nose  causes  reflex 
inhibition  of  the  heart  (I'ilehne).  Fainting  in  man  may  be 
due  to  reflex  inhibition  of  heart  or  arterioles  (p.  139). 

Some  have  credited  the  vagus  with  a  trophic  or  restorative 
action  (anabolic  action),  and  have  argued  that  the  natural 
consequence  of  inhibition  is  a  stage  of  increased  clBciency 
and  working  power  when  the  inhibition  has  passed  away. 
Similarly,  the  action  of  nerves  like  the  augmentor  nerves  of 
the  heart,  has  been  spoken  of  as  a  katabolic  action — an 
action  which  increases  for  the  time  the  destructive  tissue 
changes  underlying  such  physiological  processes  as  muscular 
contraction,  but  is  followed  by  its  natural  complement,  a 
temporary  exhaustion.  But  it  must  be  remembered  that 
this  distinction  is  not  as  yet  based  upon  any  very  solid 
foundation  of  actually-observed  and  easily-interpreted  facts, 
while  to  some  of  the  facts  brought  forward  in  its  favour 
undue  importance  has  been  given.  For  instance,  a  positive 
electrical  variation  has  been  seen  in  the  quiescent  auricle  of 
the  tortoise  on  stimulating  the  vagus,  and  a  negative  variation 
in  the  quiescent  frog's  ventricle  on  stimulating  the  cardiac 
sympathetic,  neither  of  these  variations  apparently  being 
accompanied  with  any  sensible  mechanical  change.  It  has 
been  argued  from  this  (on  the  assumption  that  the  negative 
variation  observed  when  most  excitable  tissues,  muscle  and 
nerve,  for  example,  are  stimulated,  is  the  expression  of 
destructive  metabolic  changes  or  katabolism),  that  the 
vagus  has  the  power  of  causing  constructive  (anabolic) 
changes,  and  the  augmentor  nerves  the  power  of  causing 
destructive  (katabolic)  changes,  apart  from  mechanical 
effects.  But  all  that  we  really  know  is  that  electrical  changes 
and  chemical  changes  can  both  be  evoked  in  living  tissues. 
We  are  quite  ignorant  of  the  relation  between  the  two. 
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To  complete  our  account  of  the  effects  of  stimulation  of 
the  cardiac  nerves,  it  may  be  added  that  excitation  of  the 
medulla  oblongata  causes  standstill  of  the  heart  in  diastole, 
but  not  if  both  vagi  be  cut.  In  this  case  it  causes  quicken- 
ing of  the  heart's  action. 

The  vagus  appears  normally  to  be  in  constant  action,  and 
always  keeps  the  heart,  so  to  speak,  in  hand  by  means  of 
impulses  passing  down  from  the  so-called  cardio-inhibitory 
centre  in  the  medulla.  A  proof  of  this  is  that  section  of 
both  vagi  (in  the  dog)  is  followed  by  a  great  increase  in 
the  rate  of  the  heart.  Section  of  one  vagus  causes  little  or 
no  increase,  for  the  other  is  able  of  itself  to  control  the  heart. 
In  animals,  such  as  the  rabbit,  with  a  very  rapidly-beating 
heart,  division  of  the  vagi  may  have  no  effect  on  the  rate  of 
the  heart.  In  the  frog  it  is  disputed  whether  division  of 
both  vagi  affects  the  rate  or  not. 

The  augmentor  fibres  are  not  constantly  in  action,  for 
section  of  them  is  not  necessarily,  nor,  as  a  matter  of  fact, 
often,  if  at  all,  followed  by  a  diminution  in  the  frequency  or 
force  of  the  heart's  heat. 

It  is  a  remarkable  fact  that  although  in  the  vast  majority 
of  individuals  the  will  has  no  influence  whatever  on  the  rate 
or  force  of  the  heart,  except,  perhaps,  indirectly  through  the 
respiration,  some  persons  have  the  power,  by  a  voluntary 
effort,  of  markedly  accelerating  the  pulse.  In  one.case  of 
this  kind  it  was  noticed  that  perspiration  broke  out  on  the 
hands  and  other  parts  of  the  body  when  the  heart  was 
voluntarily  accelerated.  The  gentleman,  a  medical  practi- 
tioner, could  not  describe  how  he  felt  when  he  was  bringing 
about  the  change.  He  was  unable  to  keep  up  the  effort  for 
more  than  a  short  lime,  and  the  pulse-rate  quickly  went 
back  to  normal. 

Vaao-motor  Kerves. — Just  as  the  muscular  walls  of  the  heart 
are  governed  by  two  sets  of  nerve-fibres,  a  set  which  keeps 
down  the  rate  of  working  and  a  set  which  may  increase  it, 
the  muscular  walls  of  the  vessels  are  under  the  control  of 
ner\'es  which  have  the  power  of  diminishing  their  calibre 
(vaso-conslrictor),  and  of  nerves  which  have  the  power  of 
increasing  it   (vaso- dilator).      All    nerves    that  affect   the 
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calibre  of  the  vessels,  whether  vaso-constrictor  or  vaso- 
dilator, are  included  under  the  general  name  vaso-motor.  It 
is  not  every  part  of  the  vascular  system  which  is  controlled 
to  any  appreciable  extent  by  vaso-motor  nerves.  So  far  as 
we  know  at  present,  vaso-motor  nerves  influence  chiefly  the 
small  arteries.  Although  nerve-hbres  have  been  seen  sur- 
rounding capillaries,  nothing  is  known  of  any  change  of 
lumen  occurring  in  these  vessels  as  a  direct  result  of  the 
action  of  nerves  going  to  them.  Nor  has  the  existence  of 
vaso-motor  nerves  for  veins,  except  the  portal  system,  been 
proved  up  to  this  time  by  any  clear  and  unambiguous  ex- 
periment, although  there  are  grounds  on  which  it  has  been 
argued  that  in  some  animals,  at  least,  the  nervous  system 
does  govern  the  calibre  or  '  tone '  of  the  whole  venous  tract. 
These  grounds  will  be  mentioned  in  the  proper  place. 
Meanwhile,  before  describing  the  distribution  of  the  best* 
known  tracts  of  vaso-motor  fibres,  we  must  first  glance  at 
the  principal  methods  by  which  our  knowledge  of  this 
subject  has  been  attained. 

(i)  In  superficial  and  translucent  parts  inspection  is 
sufficient.  Paling  of  the  part  indicates  constriction  ;  flushing, 
dilatation  of  the  small  vessels.  This  method  has  been  much 
used,  sometimes  in  conjunction  with  (2)  in  such  parts  as  the 
>balls  of  the  toes  of  dogs  or  cats  (when  there  is  little  or  no 
pigment  present),  the  ear  of  the  rabbit,  the  conjunctiva,  the 
mucous  membrane  of  the  mouth  and  gums,  the  web  of  the 
frog,  the  wing  of  the  bat,  the  intestines,  uterus,  and  other 
internal  organs. 

(2)  Observation  of  changes  in  the  temperature  of  parts. 
This  method  has  been  chiefly  used  in  investigating  the  vaso- 
motor nerves  of  the  limbs,  the  thermometer  bulb  being  fixed 
between  the  toes.  In  such  peripheral  parts  the  temperature 
of  the  blood  is  normally  less  than  that  of  the  blood  in  the 
internal  organs,  because  the  opportunities  of  cooling  are 
greater.  The  effect  of  a  freer  circulation  of  blood  (dilatation 
of  the  arteries)  is  to  raise  the  temperature ;  of  a  more  re- 
stricted circulation  (constriction  of  the  arteries),  to  lower  it. 

(3)  Measurement  of  the  blood-pressure.     If  we  measure 
le    arterial   blood -pressure  at  one  point,  and    find  that 
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stimulation  of  certain  nerves  increases  it  without  aifecting 
the  action  of  the  heart,  we  can  conclude  that  upon  the  whole 
the  tone  of  the  small  vessels  has  been  increased.  But  we 
cannot  tell  in  what  region  or  regions  the  increase  has  taken 
place ;  nor  can  we  tell  whether  it  has  not  been  accompanied 
by  diminution  of  tone  in  other  tracts. 

But  if  we  measure  simultaneously  the  blood-pressure  in  the 
chief  artery  and  chief  vein  of  a  part  such  as  a  limb,  we  can 
tell  from  the  changes  caused  by  section  or  stimulation  of 
nerves  whether,  and  in  what  sense,  the  tone  of  the  small 
vessels  within  this  area  has  been  altered.  For  example,  if 
we  found  that  the  lateral  pressure  in  the  artery  was 
diminished,  while  at  the  same  time  it  was  increased  in  the 
vein,  we  should  know  that  the  *  resistance '  between  artery 
and  vein  had  been  lessened,  and  that  the  blood  now  found 
its  way  more  readily  from  the  artery  into  the  vein.  If.  on 
the  other  hand,  the  venous  pressure  was  diminished,  and  the 
arterial  pressure  simultaneously  increased,  we  should  have 
to  conclude  that  the  vascular  resistance  in  the  part  was 
greater  than  before.  If  the  pressure  both  in  artery  and  vein 
was  increased,  we  could  not  come  to  any  conclusion  as  to 
local  changes  of  resistance  without  knowing  how  the  general 
blood -pressure  had  varied. 

It  is  also  sufficient  to  measure  the  blood-pressure  simul- 
taneously at  two  points  of  the  arterial  path  by  which  blood 
reaches  the  part,  provided  that  there  is  a  distinct  difference 
in  the  pressure  at  the  two  points.  The  ratio  of  the  two 
pressures  will  not  be  altered  by  any  general  change  of 
blood-prcssure  due  to  changes  in  the  action  of  the  heart ; 
any  alteration  in  the  ratio  will  indicate  a  change  in  the 
peripheral  vascular  resistance  in  the  part  beyond  the  more 
distal  of  the  two  manometers. 

Let  the  vertical  lines  AD,  BE  be  proportional  to  the  lateral  blood- 
pressure  at  any  given  lime  ai  two  points,  A  and  B,  near  the  begin- 
ning and  end  of  the  arterial  portion  of  a  given  vascular  circuit.  Let 
AB  represent  the  resistance  of  the  i>ath  between  A  and  B,  and  lay  off  on 
the  horizontal  axis  a  distance  BC  proportional  to  the  resistance  of 
the  rest  of  the  path.  The  pressure  at  C,  the  end  of  the  venous  path, 
being  taken  as  zero,  the  line  joining  U  and  E  must  pass  through  C 
(see  Fig.  17).     Now  let  the  blood -pressure  be  increased  while  the 
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peripheral  resistance  is  unchanged  ;  that  is,  let  the  increase  of  pressure 

be  due  to  increase  in  the  work  of  the  heart.    Let  AD',  BE'  represent 

the  new  pressures.     D'E'  roust  still  pass  through  C,  since  at  C  tbe 

lateral  pressure  is  zero. 

,,,...        .       ,       AD         AC       AIV       ... 

Now,  by  similar  tnangles,  ^     =   -^  «  — ,^  ;  that  is,  the  ratio 

between  the  pressures  at  A  and  B  will  not  be  changed  unless 
AC 

BC  ^"^^ 

If  BC  (which  includes  the  resistance  that  chiefly  varies,  the  resist- 

AC 
ance  of  the  small  vessels)  is  altered,  the  ratio  ^,  and  therefore  the 

ratio  of  the  blood-pressure  at  A  and  B,  will  be  changed. 

On  this  principle.  Hiirthle  has  studied  the  changes  in  the 
circulation  of  the  brain  by  inserting  manometers  into  the 
central  end  of  the  divided  common  carotid  and  the  peri- 
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pheral  end  of  the  internal  carotid.  The  former  shows  the 
lateral  pressure  in  the  aorta,  the  latter  that  in  the  circle  of 
Willis. 

(4)  The  measurement  of  the  velocity  of  the  blood  in  the 
vessels  of  the  part.  This  may  be  done  by  the  stromuhr  or 
dromograph,  or  by  allowing  the  blood  to  escape  from  a 
small  vein  and  measuring  the  outflow  in  a  given  time,  or, 
without  opening  the  vessels,  by  estimating  the  circulation 
time  (p.  104),  When  changes  in  the  general  arterial  pressure 
are  eliminated,  slowing  of  the  blood-stream  through  a  part 
corresponds  to  increase  of  vascular  resistance  in  it;  increase 
in  the  rate  of  flow  implies  diminished  vascular  resistance. 
Sometimes  the  red  colour  of  the  blood  issuing  from  a  cut 
vein,  and  the  visible  pulse  in  the  stream,  indicate  with 
certainty  that  the  vessels  of  the  organs  have  been  dilated. 
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(5)  Alterations  in  the  volume  of  an  organ  or  limb  are  often 
taken  as  indications  of  changes  in  the  cahbre  of  the  small 
vessels  in  it.  We  have  already  seen  how  these  alterations 
are  recorded  by  means  of  a  plethysmograph  (p.  96). 

The  brain  is  enclosed  in  the  skull  as  in  a  natural  plethys- 
mograph, and  clianges  in  its  volume  may  be  registered  by 
connecting  a  recording  apparatus  with  a  trephine  hole. 

The  Chief  Vaso-motor  Nerves. — The  first  discovery  of  vaso- 
motor nerves  was  made  in  the  cervical  sympathetic.  When 
this  nerve  is  cut,  the  corresponding  side  of  the  head,  and 
especially  the  ear,  become  greatly  injected  owing  to  the 
dilatation  of  the  vessels.  This  cNperiment  can  be  very 
readily  performed  on  the  rabbit,  and  the  changes  in  the  ear 
can  be  easily  seen.  The  ear  on  the  side  of  the  cut  ner\'e 
becomes  redder  and  hotter  than  the  other  ;  the  vessels  are 
seen  to  be  dilated,  and  many  vessels  formerly  invisible  come 
into  view.  The  slow  rhythmical  changes  of  calibre,  which 
in  the  normal  rabbit  are  very  characteristically  seen  in  the 
middle  artery  of  the  ear,  disappear  for  a  time  after  section 
of  the  sympathetic,  although  they  ultimately  again  become 
visible  (*  Practical  Exercises.'  p.  155). 

Stimulation  of  the  cephalic  end  of  the  cut  sympathetic 
causes  a  marked  constriction  of  the  vessels  and  a  fall  of 
temperature  on  the  same  side  of  the  head.  From  these 
facts  we  know  that  the  cervical  sympathetic  in  mammals 
contains  vaso-constrictor  hbrcs  for  the  side  of  the  head  and 
car,  and  that  these  fibres  are  constantly  in  action.  Certain 
parts  of  the  eye,  and  the  salivary  glands,  larynx,  oesophagus, 
and  thyroid  gland,  are  also  supplied  with  vaso-motor  (con- 
strictor) nerves  from  the  cervical  sympathetic. 

It  has  been  asserted  that  the  cervical  sympathetic  con- 
tains vaso-constrictor  fibres  for  the  corresponding  half  of  the 
brain  and  its  membranes,  although  fibres  of  this  kind  also 
reach  it  by  other  routes;  but  this  has  been  disputed,  and  some 
observers  have  even  gone  so  far  as  to  deny  that  the  vessels 
of  the  brain  have  any  vaso-motor  nerves  (Roy  and  Sherring- 
ton). To  say  the  least,  their  existence  must  still  be  regarded 
as  '  not  proven.*  That  the  nerve  contains  some  dilator 
fibres  seems  proved  by  the  fact  that   stimulation  of  the 
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cephalic  end  in  the  dog  causes  flushing  of  the  mucous  mem- 
brane of  the  mouth  on  the  same  side.  The  vaso-motor 
fibres  of  the  head  run  up  in  the  cervical  sympathetic,  and 
then  pass  into  various  cerebral  nerves,  of  which  the  fifth  or 
trigeminus  is  the  most  important 

The  trtgemintts  nerve  contains  vaso-constrictor  nerves  for 
various  parts  of  the  eye  (conjunctiva,  sclerotic,  iris),  and  for 
the  mucous  membrane  of  the  nose  and  gums,  and  section  of 
it  is  followed  by  dilatation  of  the  vessels  of  these  regions.  The 
Ungual  branch  of  the  trigeminus  contains  vaso-motor  fibres 
for  the  tongue,  and  apparently  both  vaso-constrictor  and 
vaso-dilator. 

In  some  animals,  the  rabbit  for  instance,  the  ear  derives 
part  of  its  vaso-motor  supply  directly  from  the  cerebro- 
spinal system,  through  the  great  auricular  nerve,  as  well  as 
through  the  cervical  sympathetic. 

Another  great  vaso-motor  tract,  the  most  influential  in  the 
body,  is  contained  in  the  splanchnic  nerves,  which  govern 
'the  vessels  of  many  of  the  abdominal  organs.  Section  of 
these  nerves  causes  an  immediate  and  sharp  fall  of  arterial 
pressure.  The  intestinal  vessels  are  dilated  and  overfilled 
with  blood.  As  a  necessary  consequence  of  their  immense 
capacity,  the  rest  of  the  vascular  system  is  underfilled,  and 
the  blood-pressure  falls  accordingly.  Stimulation  of  the 
peripheral  end  of  the  splanchnic  nerves  causes  a  great  rise 
of  blood-pressure,  owing  to  the  constriction  of  vessels  in 
the  intestinal  area.  We  therefore  conclude  that  in  the 
splanchnics  there  are  vaso-motor  fibres  of  the  constrictor 
type,  and  that  impulses  are  constantly  passing  down  them 
to  maintain  the  normal  tone  of  the  vascular  tract  which 
they  command.  But  it  is  a  very  important  fact  that  this 
constrictor  influence  may  be  abolished  or  lessened  reflexly 
through  a  nerve  connected  with  the  heart,  which  for  this 
reason  has  received  the  name  of  the  depressor  nerve  (p,  156), 

The  depressor  (ramus  cardiacus  of  the  vagus)  is  easily 
found  in  the  rabbit  as  a  slender  nerve  running  quite  close  to 
the  sympathetic  in  the  neck,  and  a  little  to  its  inner  side. 
It  generally  arises  by  two  branches,  one  from  the  vagus,  and 
another  from  the  superior  laryngeal.     It  is  the  afferent  nerve 
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of  the  heart.  Stimulation  of  its  peripheral  end  has  no  effect^ 
but  stimulation  of  the  central  end  causes  a  marked  fall  of 
arterial  blood-pressure,  due  largely,  at  any  rate,  to  dilatation 
of  the  vessels  in  the  great  area  ruled  by  the  splanchnic.  If 
the  splanchnics  have  been  previously  cut,  stimulation  of 
the  depressor  does  not  cause  a  fall  of  blood -pressure.  If  the 
animal  is  not  under  an  anaesthetic,  there  may  also  be  signs 
of  pain  when  the  central  end  of  the  depressor  is  excited.  In 
the  normal  body  the  ner\'e  is  supposed  to  cause  a  reflex 
diminution  of  pressure  when  from  any  cause  it  has  become 
so  great  as  to  embarrass  the  action  of  the  heart.  In  the 
dog  the  depressor  fibres  are  not  anatomically  isolated  from 
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those  of  the  vagus,  while  in  rare  cases  inhibitory  fibres  for 
the  heart  have  been  found  in  the  depressor  of  the  rabbit. 

The  best-known  examples  of  vaso-dUator  nerves  are  the 
chorda  tympani  and  the  nervi  erigcntcs.  The  chorda  tympani 
contains  vaso-dilator  and  secretory  fibres  for  the  sub- 
maxillary and  sublingual  salivary  glands,  and  its  action  has 
been  deeply  studied  in  the  dog  (Hcidenhain,  Langley,  etc.). 
With  the  secretory  fibres  we  have  at  present  nothing  to  do  ; 
and  the  whole  subject  will  have  to  be  returned  to,  and  more 
fully  discussed  in  Chapter  IV.  But  a  most  marked  vascular 
change  is  produced  by  stimulation  of  the  peripheral  end  of 
the  divided  chorda  tympani  nerve.  The  glands  flush  red  ; 
jnore    blood    is   evidently   passing  through    their    vessels. 
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Allowed  to  escape  from  a  divided  vein,  the  blood  is  seen 
to  be  of  bright  arterial  colour  and  shows  a  distinct  pulse. 
The  small  arteries  have  been  dilated  by  the  action  of  the 
vaso-motor  fibres  in  the  nerve.  The  resistance  being  thus 
reduced,  the  blood  passes  in  a  fuller  and  more  rapid  stream 
through  the  capillaries  into  the  veins,  and  on  the  way  there 
is  not  time  for  it  to  become  completely  venous.  These 
vaso-dilator  fibres  are  apparently  not  in  constant  action, 
for  section  of  the  nerve,  as  a  rule,  produces  little  or  no 
change.  Vaso-constrictor  fibres  pass  to  the  salivary  glands 
from    the    cervical    sympathetic,   along    the   arteries,   and 
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Central  end  of  depressor  stimulated  at  i ;  stiniulaiion  stopped  &i  x    Time  itace 
seconds. 


Stimulation  of  that  nerve  causes  narrowing  of  the  vessels 
and  diminution  of  the  blood-flow,  sometimes  almost  to 
complete  stoppage.  Section  of  the  nerve  has  no  obvious 
effect. 

The  ncrvi  crigcntes  are  the  ner\'cs  through  which  erection 
of  the  penis  is  caused.  When  they  are  divided  there  is  no 
effect,  but  stimulation  of  the  peripheral  end  causes  dilatation 
of  the  vessels  of  the  erectile  tissue  of  the  organ,  which 
becomes  overfilled  with  blood.  During  stimulation  of  these 
nerves,  the  quantity  of  blood  flowing  from  the  cut  dorsal 
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vein  of  the  penis  may  be  fifteen  times  greater  than  without 
stimulation.  It  spurts  out  in  a  strong  stream,  and  is 
brighter  than  ordinary  venous  blood  (Eckhard). 

The  ncrvi  erigentes  can  be  excited  reflexly  by  mechanical 
stimulation  of  the  glans  penis,  but  only  so  long  as  the 
nervus  pudendus  is  intact.  This  nerve  therefore  is  the 
path  by  which  the  afferent  impulses  pass  up  to  the  erection 
centre  in  the  lumbar  cord.  Stimulation  of  the  peripheral 
end  of  the  nervus  pudendus  causes  constriction  of  the 
vessels  of  the  penis,  so  that  it  contains  fibres  which  are  the 
antagonists  of  the  nervi  erigentes  (Lov^n). 

The  Yaso-motor  Nerves  of  Mascle. — When  the  motor  nerve 
of  the  mylo-hyoid  muscle  of  the  frog,  which  can  be  observed 
under  the  microscope,  is  cut,  the  vessels  are  seen  to  dilate. 
On  stimulation  of  the  peripheral  end  of  the  cut  nerve,  they 
dilate  still  more,  and  this  effect  is  not  abolished  when  con- 
traction of  the  muscle  is  prevented  by  curara  (Gaskell). 
Accordingly  it  has  been  argued  that  although  vaso-constrictor 
fibres  may  be  present  in  muscular  nerves,  they  are  over- 
borne by  the  vaso-dilators,  and  that  this  is  of  use  to  the 
contracting  muscle,  which  requires  a  free  flow  of  blood  to 
supply  it  with  food  materials  and  to  carrj'  off  its  waste 
prod  ucts. 

In  the  mammal,  apparently,  this  experiment  has  not  been 
confirmed  ;  widening  of  the  vessels  of  a  completely  curarized 
muscle  on  stimulation  of  its  motor  nerve  has  not  been 
demonstrated.  Kut  when  the  muscle  is  thrown  into  con- 
traction, the  average  flow  of  blood  through  it  is  increased, 
apart  from  the  initial  increase  due  to  the  compression  of  the 
muscular  veins.  The  oatflow  of  blood  from  the  main  vein 
of  one  of  the  muscles  used  in  mastication  in  the  horse  was 
found  to  be  three  times  as  great  during  voluntary  work  with 
it  (in  chewing)  as  in  rest  It  has  been  suggested  that  the 
muscular  vessels  are  widened  in  contraction,  not  through 
vaso-motor  nerves,  but  by  the  direct  action  of  the  acid 
products  of  the  active  muscle  itself,  since  it  has  been  found 
that  very  dilute  acids  (lactic  acid,  e.g,)  cause  general  dilata- 
tion of  the  small  vessels.  A  similar  explanation  has  been 
extended  to  the  dilatation  of  the  vessels  of  the  brain  during 
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cerebral  activity  by  some  of  those  who  deny  the  existence 
of  vaso-motor  nerves  for  that  organ. 

The  nerves  of  the  extremities  supply  two  leading  tissues  with 
vaso-motor  fibres,  skin  and  muscle.  Since  these  are  not 
necessarily,  nor  even  probably,  affected  in  the  same  way  and 
to  the  same  extent,  data  drawn  from  observation  of  the  skin 
cannot  be  applied  off-hand  to  the  muscles,  nor  can  data 
drawn  from  the  behaviour  of  the  muscles  be  generally 
expected  to  hold  good  for  the  skin.  Now  some  observers 
have  used  changes  of  temperature  or  changes  of  colour  in 
the  balls  of  the  toes,  that  is,  chiefly  cutaneous  signs,  as  the 
sole  index  of  vaso-motor  changes  in  the  entire  limb.  Others 
have  relied  altogether  upon  alterations  of  volume,  which  are 
chiefly  an  index  of  the  stale  of  the  muscles.  So  we  need  not 
be  surprlst^d  that  there  has  been  a  good  deal  of  controversy, 
not  only  as  to  the  facts  observed,  but  as  to  the  deductions  to 
be  drawn  from  them. 

In  the  web  of  the  frog  it  can  be  seen  that  section  of  the 
sciatic  nerve  is  followed  by  dilatation,  perhaps  preceded  by 
transient  contraction,  of  the  arteries,  and  stimulation  by 
constriction.  The  dilatation  does  not  last,  however,  more 
than  twelve  to  twenty-four  hours,  as  a  rule.  By  means  of  a 
tiny  plethysmograph  adapted  to  the  leg  of  a  frog,  it  has  been 
found  that  stimulation  of  the  sciatic  causes  either  shrinking 
or  swelling  of  the  limb  according  to  the  frequency  and 
strength  of  the  stimulus  (Ellis).  In  mammals  (cat),  simple 
increase  of  volume  of  the  limb  never  appears  with  medium, 
strong  and  frequent  stimulation  of  the  peripheral  end  of  the 
cut  sciatic.  Usually  the  result  is  first  decrease  and  then 
increase  of  volume.  In  general,  weak  and  slow  stimuli  favour 
the  preponderance  of  dilatation  ;  strong  and  frequent  stimuli, 
that  of  constriction.  There  is  a  distinct  latent  period 
between  beginning  of  stimulation  and  beginning  of  change 
of  volume  of  the  limb.  This  is  less  for  constriction 
(i*5  seconds)  than  for  dilatation  (3'5  seconds).  The  dilata- 
tion may  outlast  the  stimulation  by  several  minutes  ;  the 
constriction  usually  ends  with  it  (Bowditch  and  Warren). 

Dastre  and  Moral  found,  by  recording  the  lateral  blood- 
pressure  in  the  crural  artery  of  the  dog,  and  at  the  same 
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time  observing  the  colour  of  the  balls  of  the  toes,  that  when 
the  peripheral  end  of  the  sciatic  was  tetani^ed,  there  was  a 
predominance  of  the  constrictor  action,  for  the  blood- 
pressure  rose.  But  the  skin  was  now  pale,  now  red,  show- 
iiig  that  dilators  were  in  evidence,  too.  The  anterior  crural 
is  also  preponderatingly  constrictor. 

The  truth  seems  to  be  that  in  the  nerves  of  the  ex- 
tremities both  vaso-constrictor  and  vaso-dilator  fibres  are 
present ;  but  the  former,  under  ordinary  conditions,  pre- 
ponderate, so  that  section  of  the  sciatic  or  the  brachial  is 
generally  followed  by  flushing  of  the  balls  of  the  toes  and 
rise  of  temperaturCi  stimulation  by  paling  and  fall  of  tem- 
perature. 

The  temperature  of  the  limb  at  the  time  of  stimulation  of 
the  nerve  seems  to  affect  the  result.  If  the  limb  is  cold  and 
the  vessels  contracted,  dilatation  and  rise  of  temperature 
are  more  likely  to  be  caused  by  stimulation  of  the  peripheral 
end  of  the  sciatic;  if  the  limb  is  warm  and  the  vessels 
dilated,  constriction  and  fall  of  temperature  are  more  likely 
to  t>e  the  result  (Bernstein). 

The  dilatation  which  follows  section  of  the  sciatic  is  not 
permanent  in  mammals  any  more  than  in  the  frog.  It 
generally  passes  off  in  a  few  days,  and  as  the  nerve  de- 
generates, stimulation  of  its  peripheral  stump  more  readily 
causes  dilatation  than  constriction  (Kendall  and  Luchsinger, 
etc.). 

The  vaso-motor  fibres  for  the  fore  limb  (dog)  issue  from 
the  cord  in  the  anterior  roots  of  the  third  to  the  eleventh 
dorsal  nerves,  and  for  the  hind  limb  in  the  anterior  roots 
of  the  eleventh  dorsal  to  the  third  lumbar.  Stimulation  of 
most  of  these  roots  causes  constriction  of  the  vessels,  but 
stimulation  of  the  eleventh  dorsal  may  cause  dilatation 
(Bayliss  and  Bradford). 

Va»o-motor  BTerves  of  the  Lungs. — There  has  been  much 
discussion  as  to  the  existence  of  vaso-motor  nerves  for  the 
lungs.  The  cervical  sympathetic  contains  none.  The  vagus 
probably  contains  none.  Stoppage  of  respiration  has  been 
seen  to  cause  a  rise  of  pressure  in  the  pulmonary  artery,  and 
that  independently  of  rise  of  pressure  in  the  aortic  system 
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(Lichtheim  and  Badoud)»  indicating  increased  vascular  re- 
sistance in  the  pulmonary  area. 

Stimulation  of  the  upper  half  of  the  dorsal  cord, 
peripheral  stimulation  of  the  anterior  dorsal  nerve-roots 
from  the  second  to  the  seventh,  causes  a  relatively  great  rise 
of  pressure  in  the  pulmonary  arterj',  a  relatively  small  rise 
in  the  aorta  (Bradford  and  Dean),  This,  again,  seems  to 
indicate  that  the  vascular  resistance  in  the  lungs  is  con- 
trolled by  nervous  impulses,  and  that  pulmonary  vaso-motor 
nerves  pass  out  from  the  upper  half  of  the  dorsal  cord.  But 
all  observers  are  agreed  that  the  vaso-motor  mechanism  for 
the  pulmonary  vessels  is  far  less  perfect  than  that  which 
controls  the  systemic  circulation. 

Coorae  of  the  Vaso-motor  Herres. — In  the  dog  the  vaso-con- 
strictors  pass  out  as  fine  medullated  fibres  (i*8  to  3*6  /*  in 
diameter)  in  the  anterior  roots  of  the  second  dorsal  to  about 
the  second  lumbar  nerves  (Gaskell).  They  proceed  by  the 
white  rami  communicantes  to  the  lateral  sympathetic 
ganglia,  where,  or  in  more  distal  ganglia  such  as  the  inferior 
mesenteric,  they  lose  their  medulla,  and  now  pass  by 
various  routes  to  their  final  destination.  Their  course  to 
the  head  has  been  already  described.  To  the  limbs  they 
are  distributed  in  the  great  ner%'es  (brachial  plexus,  sciatic, 
etc.),  which  they  reach  from  the  sympathetic  ganglia  by  the 
grey  rami  communicantes. 

The  outflow  of  vaso-dilator  fibres  does  not  seem  to  be 
restricted  to  any  particular  part  of  the  cord,  but  their  exist- 
ence has  been  most  clearly  demonstrated  in  nerves  springing 
from  those  regions  of  the  cerebro-spinal  axis  from  which 
vaso-constrictor  fibres  do  not  arise,  and  where,  therefore,  we 
have  not  to  contend  with  the  difficulty  and  doubt  of  mixed 
effects.  The  dilator  fibres  of  the  chorda  tympani  for  the 
submaxillary  gland  and  the  anterior  part  of  the  tongue,  and 
of  the  tympanic  branch  of  the  glossopharyngeal  nerve  for 
the  parotid  gland,  pass  out  in  the  corresponding  cranial 
nerves.  They  pursue  a  direct  course  to  their  destination 
without  entering  the  sympathetic,  and  only  lose  their 
medulla  near  their  peripheral  distribution.  Similarly  the 
.dilator  fibres  of  the  nervi  erigentes  leave  the  cord  in  the 
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anterior  roots  of  the  second  and  third  sacral  nerves,  and 
pass  on  to  the  periphery  without  joining  nerve-cells. 

The  exact  path  of  the  vaso-dilator  fibres  of  the  limbs  and 
of  the  abdominal  viscera,  which  come  off  from  the  same 
part  of  the  cord  as  the  vaso-constrictors,  has  not  been 
absolutely  settled,  although  there  is  no  doubt  that  they,  too, 
come  out  in  the  anterior  roots.  It  is  probable  that  their 
path  is  upon  the  whole  similar  to  that  of  the  constrictor 
fibres. 

We  have  thus  tried  to  trace  the  vaso-motor  nerves  from 
the  cerebro-spinal  axis  to  the  bloodvessels  which  they 
control ;  it  still  remains  to  define  the  portion  of  the  central 
ncrvoas  system  to  which  these  scattered  threads  are  related, 
which  holds  them  in  its  hand  and  acts  upon  them  as  the 
needs  of  the  organism  may  require. 

Now,  experiment  has  shown  that  there  is  one  very  definite 
region  of  the  spinal  bulb  which  has  a  most  intimate  relation 
to  the  vaso-motor  nerves.  If  while  the  blood-pressure  in 
the  carotid  is  being  registered,  say,  in  a  curari^ed  rabbit, 
the  central  end  of  a  peripheral  nerve  like  the  sciatic  is 
stimulated,  the  pressure  rises  so  long  as  the  bulb  is  intact, 
this  rise  being  largely  due  to  the  reilex  constriction  of 
the  vessels  in  the  splanchnic  area.  If  a  series  of  trans- 
verse  sections  be  made  through  the  brain,  the  rise  of 
pressure  caused  by  stimulation  of  the  sciatic  is  not  affected 
till  the  upper  limit  of  the  bulb  is  almost  reached.  If  the 
slicing  is  still  carried  downwards,  the  blood-pressure  sinks, 
and  the  rise  following  stimulation  of  the  sciatic  becomes  less 
and  less.  When  the  medulla  has  been  cut  away  to  a  certain 
level,  only  an  insif;nificant  rise  or  none  at  all  can  be  obtained. 
The  portion  of  the  medulla  the  cutting  away  of  which  exerts 
an  influence  on  the  blood-pressure,  and  its  increase  by  reflex 
stimulation,  extends  from  a  point  4  to  5  mm.  above  the 
point  of  the  calamus  scriptorius  to  within  i  to  2  mm.  of  the 
corpora  quadrigemina  (Owsjannikow).  Other  observers  give 
narrower  limits.  Stimulation  of  the  medulla  causes  a  rise, 
destruction  of  this  portion  of  it  a  fall,  of  general  blood- 
pressure.  There  is  evidently  in  this  region  a  nervous 
'  centre  *  so  intimately  related,  if  not  to  all  the  vaso-motor 
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nerves,  at  least  to  such  very  important  tracts  as  to  deserve 
the  name  of  a  vaso-motor  centre.  Experiment  has  showq 
that  this  is  much  the  most  influential  centre,  and  it  is 
usually  called  the  chief  or  general  vaso-motor  centre.  But 
there  are  subsidiary  centres  all  along  the  cord,  and  while  a 
very  large  number  of  the  constrictor  fibres  are  related  to  the 
chief  centre  in  the  medulla,  some  are  either  normally  under 
the  control  of  subonlinate  centres,  or  may  in  special  circum- 
stances come  to  be  dominated  by  them. 

Thus,  in  the  frog  it  is  possible  to  go  on  destroying  more 
and  more  of  the  cord  from  above  downwards,  and  still  to 
obtain  reflex  vaso-motor  effects,  as  seen  in  the  vessels  of  the 
web,  by  stimulating  the  central  end  of  the  sciatic  nerve. 
Although  these  effects  indeed  diminish  in  amount  as  the 
destruction  of  the  cord  proceeds,  yet  a  distinct  change  can  be 
caused  when  only  a  small  portion  of  the  cord  remains  intact. 

Similarly,  in  the  mammal  evidence  has  been  obtained  of 
the  existence  of  *  centres  *  at  various  levels  of  the  cord, 
capable  of  acting  as  vaso-motor  centres  after  the  chief 
centre  in  the  bulb  has  been  cut  off.  It  is  possible  that 
nonnally  their  action  is  subordinated  to  the  higher  centre. 

The  central  connections  of  the  vaso-dilator  fibres  appear 
to  be  more  scattered  than  those  of  the  vaso-constrictors. 

The  vaso-motor  centre,  as  we  have  seen,  is  influenced 
reflexly  through  afferent  nerves.  It  can  also  be  stimulated 
directly  by  venous  blood.  In  asphyxia  the  blood-pressure 
first  rises  owing  to  stimulation  of  the  vaso-motor  centre  and 
the  consequent  constriction  of  the  small  arteries.  If  respira- 
tion is  not  recommenced,  the  centre  soon  becomes  paralyzed, 
and  the  blood-pressure  falls  (Figs.  48  and  49,  and  p.  155). 

Further,  the  vaso-motor  centre  may  discharge  automatic 
impulses;  that  is,  impulses  arising  apparently  without 
external  stimuli.  If,  for  instance,  in  a  curarized  animal  the 
artificial  respiration  is  stopped,  the  respiratory  waves  of  the 
blood -pressure  curve  of  course  cease,  but  other  waves  of  a 
longer  period  may  appear  <Traube-Hcring  curves),  the  blood- 
pressure  slowly  rising  and  falling  in  response,  apparently,  to 
rhythmical  impulses  from  the  vaso-motor  centre  (Fig.  62, 
p.  169). 
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By  means  of  the  vaso-motor  nerves  and  the  centres  by 
which  they  are  governed,  the  distribution  of  the  blood  in  the 
different  parts  of  the  body  is  being  constantly  controlled,  so 
that  to  a  certain  degree  of  approximation  no  organ  has  too 
much,  and  none  too  little.  The  activity  of  the  organs  is 
always  shifting  with  the  calls  upon  them.  Now,  it  is  the 
actively-digesting  stomach  and  the  actively-secreting  glands 
of  the  alimentary  tract  which  must  be  fed  with  a  full  stream 
of  blood,  to  supply  waste  and  to  carry  away  absorbed  nutri- 
ment. Again,  it  is  the  working  muscles  of  the  legs  or  of  the 
arms  which  need  the  chief  blood  supply.  And  again,  it  may 
be  the  brain.  But  wherever  the  call  may  be,  the  vaso-motor 
mechanism  is  able,  in  health,  to  answer  it  by  bringing  about 


Fig.  48.— Ri&e  of  Blcod-phessurk  in  Ashhyxia  (in  Kabuit). 
RcftpiratioQ  stopped  Rt  1.     Interval  bclweea  a  and  3  (not  reprodttced)  44  seconds. 
during  which   ihe  blood- pressure  stendily  ros«.     At  4,  respiration  resumiid.     Tims 
tracinj  nuulu  seconds. 

a  widening  of  the  small  arteries  of  the  part  which  needs 
more  blood,  and  a  compensatory  narrowing  of  the  vessels  of 
other  parts  whose  needs  are  not  so  great. 

This  seems  to  be  effected,  in  some  instances,  at  least,  by 
impulses  travelling  up  the  afferent  nerves  of  the  part  in 
which  dilatation  of  the  vessels  is  to  be  brought  about.  The 
usual  effect  of  stimulation  of  the  afferent  fibres  of  the  tibial 
or  great  auricular  nerve,  for  example,  is  to  cause  a  rise  of 
general  blood-pressure,  due  to  a  constriction  of  the  small 
arteries  in  wide  regions  of  the  body.  But  in  the  part  itself 
to  which  the  afferent  fibres  belong  (the  portion  of  the  leg 
supplied  by  the  tibial,  and  the  ear,  in  the  examples  chosen). 


not  constriction,  but  dilatation,  takes  place;  and  both  changes 
favour  an  increased  supply  of  blood  to  the  part. 

In  virtue  of  the  great  power  of  accommodation  v»rhich  the 
vascular  system,  as  controlled  by  the  vaso-motor  mechanism, 
possesses,  a  mean  blood-pressure,  which  varies  within  fairly 
narrow  limits,  is  maintained  in  health.  And  so  long  as  the 
vaso-motor  arrangements  are  intact,  the  total  quantity  of 
blood  in  an  animal  may  be  greatly  increased  or  diminished 
(2  or  J  per  cent,  of  the  body-weight  in  a  dog)  without 
appreciably  affecting  the  arterial  pressure.     From  this  we 
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Fig.  49.— BLOOD-PUtuiuiLK  Tsacinu  from  a  Doa  Poisoned  with  Alcoiioi. 

The  mpimtory  ceitlre  bring  noraljrzed,  r«cpinil(on  ttoppec].  And  the  typical  mc  oF 
blood -pressure  in  nsphyxtA  look  place.  Tile  pressure  had  aKain  U\Vea,  Hnd  lotal 
parAly&Ja  of  (lie  va^  iiiuior  centre  was  nmr  atthond,  when  at  A  the  Ainmal  rude  a 
sjngtc  mpimtory  mavciiicnt.  The  quonltty  of  oxyKcn  Ihus  Uken  in  was  motlgh 
to  mtore  the  vaso-motor  ccBlre,  aad  tlie  btood-pressare  itguiii  ruse  This  was  re- 
peated five  or  six  times. 

can  deduce  the  practical  lesson,  that  blood-letting  is  useless 
as  a  means  of  lowering  the  general  arterial  pressure,  while 
it  need  not  be  feared  that  transfusion  of  a  considerable 
quantity  of  blood,  or  of  salt  solution,  in  cases  of  severe 
haemorrhage  will  dangerously  increase  the  pressure.  And 
from  the  physiological  point  of  view  the  term  *  hsemorrhage' 
includes  more  than  it  does  in  its  ordinary  sense.  For  as 
dirt  to  the  sanitarian  is  'matter  in  the  wrong  place,' 
hemorrhage  to  the  physiologist  is  blood  in  the  wrong  place. 
Not  a  drop  of  blood  may  be  lost  from  llie  body,  and  yet 
death  may  occur  from  hemorrhage  into  the  pleural  or  the 
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abdominal  cavity,  into  the  stomach  or  intestines,  into  extra- 
vascular  spaces  anywhere.  Not  only  so,  but  a  man  may 
bleed  to  death  into  his  own  bloodvessels ;  in  shock,  as  well 
as  in  ordinary  fainting  or  syncope,  the  blood  which  ought 
to  be  circulatinfj  through  the  brain,  heart  and  lungs  may 
stagnate  in  the  dilated  vessels  of  the  splanchnic  area. 

We  have  still  to  answer  the  question,  how  it  is  that  the 
vaso- motor  nerves  act  upon  the  muscular  fibres  of  the 
arterioles.  This  is  a  question  quite  analogous  to  the  one 
already  discussed  with  regard  to  the  inhibitory  and  aug- 
mentor  nerves  of  the  heart.  And,  as  in  the  case  of  the  cardiac 
nerves,  two  theories  have  been  held  :  (i)  that  the  vaso-motor 
nerves  act  on  the  muscular  fibres  directly;  and  {2)  that 
they  act  through  intermediate  peripheral  organs,  probably 
of  ganglionic  nature.  In  favour  of  the  second  view  it  has 
been  urged  that  it  is  difficult  to  explain  the  recovery  of 
vascular  tone  which,  as  a  rule,  soon  takes  place  after  section 
of  a  nerve,  such  as  the  sciatic,  except  on  the  assumption 
that  there  are  peripheral  tonic  centres,  and  also  that  the 
hypothesis  of  an  intermediate  mechanism  simpliiies  the 
explanation  of  vaso-dilatation  or  vaso-iiihibition. 

Nevertheless,  in  the  absence  of  any  anatomical  evidence 
in  favour  of  the  existence  of  such  centres,  and  in  face  of  the 
fact  that  so  far  none  of  the  sporadic  ganglia  (such  as  the 
submaxillary  ganglion,  spinal  ganglia,  etc.)  have  been  found 
to  possess  reflex  functions,  opinion  in  favour  of  (i)  has 
been  steadily  gaining  ground.  And  although  we  cannut  say 
how,  at  bottom,  a  vaso- inhibitory  (dilator)  or  cardio- 
inhibitory  nerve  brings  about  relaxation  of  muscular  fibres, 
we  are  just  as  much  in  the  dark  as  to  the  process  by  which 
contraction  is  caused  by  vaso-con stridor  nerves,  or  augmentor 
nerves  of  the  heart,  or  indeed  by  the  motor  nerves  of 
ordinary  skeletal  muscle.  Yet  in  the  last  case  nobody  thinks 
of  postulating  independent  or  semi  -  independent  centres 
between  the  end  of  the  nerve-fibre  and  the  beginning  of  the 
muscular  fibre. 

Vaao-Motor  Nerves  of  Veins.  —  Like  arteries,  veins  have 
plexuses  of  nerve  fibres  in  their  walls,  and  contract  ia 
response  to  various  stimuli.    In  some  cases,  e.g.,  in  the  wing 
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of  the  bat,  rhythmical  contractions  of  the  veins  are  strikingly 
displayed,  but  they  do  not  seem  to  depend  on  the  nervous 
system,  as  they  persist  after  section  of  the  brachial  nerves. 
Up  to  a  very  recent  date  the  only  fact,  and  it  was  not  decisive, 
which  seemed  to  indicate  the  existence  of  vaso-motor  nerves 
for  veins  was  an  experiment  of  Goltz.  He  found  in  the  frog 
that  repeated  blows  on  the  abdomen  with  a  spatula,  the 
animal  being  held  vertically,  caused  the  heart  to  become 
empty  and  the  blood  to  gather  in  the  distended  veins. 
This  is  due  to  a  relaxation  of  the  walls  of  the  veins,  which 
gradually  regain  their  tone  and  force  the  blood  on  into  the 
heart.  The  maintenance  and  recovery  of  this  venous  tone, 
according  to  Goltz,  depends  on  the  integrity  of  the  spinal 
cord  and  bulb.  In  1892  Mall  showed  that  vaso-constrictor 
fibres  for  the  veins  of  the  portal  area  exist  in  the  splanchnic 
nerves.  They  issue  from  the  spinal  cord  by  the  nerve- 
roots  of  the  third  to  the  eleventh  dorsal  nerves,  but  chiefly 
in  the  fifth  to  the  ninth  dorsal  (Hayliss  and  Starling).  But 
the  branches  of  the  vena  porta;  are  functionally  arteries 
rather  than  veins,  and  we  must  not  without  special  proof 
extend  Mall's  results  to  ordinary  veins. 

The  Lympliatic  Circulation. — As  has  already  been  mentioned, 
some  of  the  constituents  of  the  blood,  instead  of  passing^ 
back  to  the  heart  from  the  capillaries  along  the  veins,  find 
their  way  by  a  much  more  tedious  route  along  the  lym- 
phatics. The  blood  -  capillaries  are  everywhere  in  very 
intimate  relation  with  lymph-capillaries,  which  are  simply 
irregular  spaces,  more  or  less  completely  lined  with  epithe- 
lioid cells,  in  the  connective-tissue  that  everywhere  accom- 
panies and  supports  the  bloodvessels.  The  constituents  of 
the  blood-plasma  are  filtered  through,  or,  as  some  say, 
secreted  by  the  capillary  walls  into  the  lymph  spaces,  and 
there  form  the  clear  liquid  known  as  lymph,  from  which  the 
cells  of  the  tissues  take  up  food,  and  into  which  the^* 
discharge  waste  products.  The  lymph  spaces  are  connected 
with  more  regular  lymphatic  vessels,  provided  with  numerous 
valves,  and  with  lymphatic  glands  at  intervals  on  their 
course.  These  fall  into  larger  trunks,  and  finally  the  greater 
part  of  the  lymph  reaches  the  blood  again  by  the  thoracic 
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duct,  which  opens  into  the  venous  system  at  the  junction  of 
the  left  subclavian  and  internal  jufjular  veins.  The  lymph 
from  the  right  side  of  the  head  and  neck,  the  right  extremity, 
and  the  right  side  of  the  thorax  with  its  viscera,  is  collected 
by  the  right  lymphatic  duct,  which  opens  at  the  junction  of 
the  right  subclavian  and  internal  jugular  veins.  The  open- 
ings of  both  ducts  are  guarded  by  semilunar  valves,  which 
prevent  the  reflux  of  blood  from  the  veins.  Serous  cavities 
like  the  pleural  sacs,  are  really  large  lymph  spaces,  and  they 
are  connected  through  small  openings,  called  stomata.  with 
lymphatic  vessels. 

The  rate  of  flow  of  the  lymph  in  the  thoracic  duct  is  very  small 
compared  with  that  of  the  blood  in  the  arteries — only  about 
four  mm.  per  second,  according  to  one  observer.  The  factors 
which  contribute  to  the  maintenance  of  the  lymph  flow  are: 

(i)  The  pressure  under  which  it  passes  from  the  capil- 
laries into  the  lymph  spaces.  The  pressure  in  the  thoracic 
duct  of  a  horse  may  be  as  high  as  twelve  mm.  of  mercury; 
in  the  dog  it  may  be  less  than  one  mm. 

(2)  The  contraction  of  muscles  increases  the  pressure  of 
the  lymph  by  compressing  the  lymphatics,  and  the  valves 
only  permit  of  movement  in  the  direction  of  the  normal 
current.  Even  passive  movements  of  the  limbs  increase 
the  flow  of  lymph  through  their  ducts.  Substances  may  be 
sucked  into  the  lymphatics  of  the  central  tendon  of  the 
diaphragm  from  the  peritoneal  cavity  through  the  stomata 
in  the  serous  layer ;  even  by  passive  movements  of  the 
diaphragm  in  a  dead  rabbit  the  lymphatics  may  be  injected 
with  a  coloured  solution  placed  on  its  peritoneal  surface. 
The  contractions  of  the  intestines,  and  especially  of  the  villi, 
are  of  importance  in  keeping  up  the  movement  of  the  chyle. 

(3)  The  movements  of  respiration  aid  the  flow.  At  every 
inspiration  the  pressure  in  the  great  veins  near  the  heart 
becomes  negative,  and  lymph  is  sucked  into  them. 

(4)  In  some  animals  rhythmically-contracting  muscular 
sacs  or  hearts  exist  on  the  course  of  the  lymphatic  circula- 
tion. The  frog  has  t>vo  pairs^  an  anterior  and  a  posterior, 
of  these  lymph  hearts,  and  they  arc  also  found  in  reptiles. 
It  is  possible  that  in  animals  without  localized  lymph  hearts 
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the  smooth  mu»:le,  which  is  so  conspicuous  an  element  in 
the  walls  of  the  lymphatic  vessels,  may  aid  the  flow  by 
rhytlimical  contractions. 

An  excessive  transudation  of  lymph  gives  rise  to  the 
condition  known  as  cedema,  or  when  it  involves  the  whole 
body,  anasarca.  Oedema  may  be  experimentally  caused  by 
ligature  of  the  veins  of  a  part.  Here  the  increase  of  blood- 
pressure  in  the  capillaries  is  a  factor  in  causing  the  increased 
transudation  ;  but  it  is  not  the  only  one,  for  the  rise  of  capil- 
lar)' blood-pressure  produced  by  dilatation  of  the  arterioles 
when  vaso-dilator  nerves  are  stimulated,  or  vaso-constrictor 
nerves  cut,  does  not  cause  cedema.  Probably  the  inter- 
ference with  the  blood-flow  after  ligature  of  the  veins 
damages  the  capillary  walls  in  such  a  way  that  they  are 
more  readily  penneable.  In  disease  oedema  may  be  caused 
either  by  mechanical  obstruction  to  the  venous  flow,  as  in 
valvular  disease  of  the  heart,  or  cirrhosis  of  the  liver,  or  by 
alteration  in  the  quality  of  the  blood,  as  in  Bright's  disease 
of  the  kidney. 


PRACnCAL  EXERCISES  ON  CHAPTER  11. 

I.  UicroBCopic  Examm&tion  of  the  Circulating  Blood. ~([)  Take 
a  ladpole  and  lay  it  on  a  glass  slide.  Cover  the  tail  with  a  lai;ge 
cover-slip,  and  examine  it  wtlh  the  low  power  (Leil/,  oc.  III.,  obj.  3). 
Generally  the  tail  will  stick  so  closely  to  the  slide,  and  the  animal  will 
move  so  little,  that  a  suflicicntly  good  view  of  the  circulation  can  be 
obtained.     If  there  is  any  trouble,  destroy  the  brain  with  a  needle. 

Observe  the  current  of  the  blood  in  arteries,  capillaries  and  veins. 
An  alter)'  may  be  easily  distinguished  from  a  vein  by  looking  for  a 
place  at  which  the  vessel  bifurcates.  In  veins  the  blood  ^ox^s  ttncards 
the  points  of  bifurcation,  in  arteries  away  from  them. 

Sketch  a  part  of  a  6eld. 

71?  Pith  a  /r(?j,'.— Wrap  the  animal  in  a  towel,  bend  the  head 
forwards  with  the  index-finger  of  one  hand,  feel  with  the  other  for  the 
depression  at  the  junction  of  the  head  and  backbone,  and  push  a 
narrow-bladed  knife  right  down  in  the  middle  line.  The  spinal  cord 
will  thus  be  divided  with  little  bleeding.  Now  push  into  the  cavity 
of  the  sliull  a  piece  of  pointed  lucifcr  match.  The  brain  will  thus  be 
destroyed.  The  spinal  cord  can  he  destroyed  by  passing  a  blunt 
needle  down  inside  the  vertebral  canal. 

(2)  Takea  frog  and  pith  its  brain  only,  inserting  a  match  to  prevent 
bleeding.  Fin  the  frog  on  a  plate  of  cork  into  one  end  of  which  a 
glass  slide  has  been  fastened  with  sealing-wax.     j^y  the  web  of  one 
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oT  the  hind  legs  on  the  glass  and  gently  separate  two  of  the  toes,  if 
accessary-  by  threads  allachcd  lo  them  and  secured  to  the  cork  plate, 
hut  the  plate  on  ihc  tircroscopcsiage  and  fasten  by  the  clips  (see 
pp.  i«,88). 

2.  ABfttomy  of  the  Frog's  Heart — Expose  the  heart  of  a  pithed 
frog  by  pinching  up  the  sKin  over  the  at)domcn  in  the  middle  line, 
dividing;  it  with  scissors  up  to  the  lower  jaw,  and  then  culling  through 
the  abdominal  muscles  and  the  bony  pectoral  girdle.  The  external 
alxkiminal  vein,  which  will  be  observed  on  reflecting  the  skin,  can  be 
easily  a\'oided.  The  heart  will  now  be  seen  enclosed  in  a  thin 
membrane,  the  pericardium,  which  should  be  grasped  with  fine- 
pomted  forceps  and  freely  divided.  Connerring  the  posterior  surface 
of  the  heart  and  the  i>ericardium  is  a  slender  band  of  connective 
tiame,  the  fraenum.  A  ligature  may  be  passed  around  thi^:  with  a 
threaded  curved  needle  and  tied,  and  then  the  frxnuni  may  be 
divided  posterior  to  the  hgature.  The  anatomical  arrangement  of  the 
various  parts  of  the  heart  should  now  be  studied.  Note  the  single 
ventricle  wiih  the  buJuus  arteriosus,  the  two  auricles,  and  the  sinus 
TtDOSin,  turning  the  heart  over  to  see  the  latter  by  means  of  the 
Hgitiirc.  ()bsc^^■e  the  whitish  crescent  at  the  junction  of  the  sinus 
Tcoosus  and  the  right  auricle. 

>  The  Beat  of  the  Heart.— Note  that  ihc  auricles  beat  first,  and 
thai  the  ventricle.  The  ventricle  becomes  smaller  and  paler  during  its 
systole,  and  blushes  red  during  diastole.  Count  the  number  of  beats 
of  the  heart  in  a  minute.  Now  excise  the  heart,  lifting  it  by  means 
of  the  ligature,  and  taking  care  to  cut  wide  of  the  sinus  venosus. 
Place  the  heart  in  a  small  porcelain  capsule  on  a  little  blotting  paper 
mouiened  with  normal  saline.  Observe  that  it  goes  on  l>eating. 
Pat  a  little  ice  or  snow  in  contact  wiih  the  heart,  and  count  the 
nnintieT  of  beats  in  a  minute.  The  rate  is  greatly  diminished.  Now 
rraiore  the  ice  and  blotling-paper,  cover  the  heart  with  normal 
saline,  and  heat,  noting  thclcm[X:rature  with  a  thermometer.  Observe 
that  the  heart  beats  ^tcr  and  faster  as  the  temperature  rises.  At 
4o*  C.  to  43*  C.  it  stops  beating  in  diastole  (heat  siand.still).  Now 
al  ooce  pour  off  the  heated  liquid,  and  run  in  some  cold  normal 
saline.     The  heart  will  begin  to  beat  again. 

4.  Cut  o£r  the  apex  of  the  ventricle  a  little  below  the  auriculo- 
ventrkrobr  groove.  The  auricles,  with  the  attached  portions  of  the 
ventricle,  go  on  beating.  The  apex  does  not  contract  spontaneously, 
bot  can  be  made  to  beat  by  stimulating  it  mechanically  (by  pricking 
is  with  a  needle)  or  electrically.  Divide  the  still  contracting  portion 
of  the  heart  by  a  longitudinal  incision.    The  two  halves  go  on  beating. 

5.  Heart'traciogL  —  ( I )  Fasten  a  myograph-plate  (Fig.  50)  on 
a  «Caod.  Talce  a  long  light  lever  consisting  of  a  straw  or  a  piece 
of  thin  chipr  armed  at  one  end  with  a  writing-point  of  parchment- 
fapCft  su|)ported  near  the  other  end  by  a  horizontal  axis,  and  pierced 

)C  iMX  from  lite  axis  by  a  needle  carrying  on  its  point  a  small  piece 

^tA  cork  or  a  ball  of  sealing-wax.     A  counterpoise  is  adjusted  on  the 

short  arm  of  the  lever  in  the  form  of  a  small  leaden  weight.     Cover 

a  drum  with  gla/ed  paper  and  smoke  it.    The  paper  must  be  put  on 
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so  lightly  that  it  will  not  slip.  To  smoke  the  drum,  hoM  it  by  the 
spindle  in  both  hands  over  a  fish-tail  burner,  depress  the  drum  in  the 
flame,  and   rotate  rapidly.     Avoid   putting  on  a  heavy  coating  of 


Cei^^ttyphift 


50.— ArRANGKMKNT   KOH   ODTAININC    a   HRART-TSACING   I-IOM   A   FBoa 

smoke,  as  a  more  delicate  tracing  is  obtained  when  the  paper  is 
lightly  smoked.  The  speed  of  tlie  drum  can  be  varied  by  putting 
in  or  taking  out  a  small  vane.  Arrange  an  electro -raacnctic  time- 
marker  for  writing   seconds  (Fig.   51).      Pith   a  frog  (brain  only). 
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Fig.  si.— ElECTKO  MACNtTlC  TlUb-HAKKliK  CONNtCttD  WITH    MtTKOSOMt.' 

The  pendulum  of  ihe  metroaome  carries  a  wire  which  closes  the  ciictlit  when  U  dips 
into  either  of  the  mercury  cups,  K;. 

expose  the  heart,  and  put  under  it  a  cover-slip  to  give  it  support. 
Pin  the  frog  on  the  myograph  plate,  and  adjust  the  foot  of  the  lever 
to  rest  on  the  ventricle  or  the  auriculo -ventricular  junction.     Bring 
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(he  »ntjng-i>onit  of  the  lever  and  ihal  of  the  time-marker  vertically 
under  each  other  on  the  surface  of  the  drum.  Set  off  the  drum  at 
the  slow  speed  (say,  a  centimetre  a  second).  When  the  lever  rests 
on  the  aunculo-ventricular  junction,  the  part  of  the  tracing  corre- 
sponding to  the  contraction  of  the  heart  will  he  broken  into  two 
portions,  representing  the  systole  of  the  auricles  and  ventricle  re- 
spechvely.  Cut  the  paper  off  the  drum  with  a  knife  and  carry  it  to 
ihe  varnishing-irough.  holding  the  tracing  by  the  ends  with  both 


jf^lG.    Sa,— Al'I^AIlJiTU^  rOK   ObTAINI!«GA   SIMULTANEOUS  TRACINt;  OF  AUR1CL*LAR 
AKD  VeMTKlCUULR  CONTBACTJONfi  (CllADDUItN). 

hands,  smoked  side  up.     Immerse  the  middle  of  it  in  the  varnish, 
draw  first  one  end  and  then  the  other  through  the  varnish,  let  it 
drip  for  a  minute  into  the  trough,  and  fasten  it  up  with  a  pin  to  dry. 
(z)   Heart  Traart^^  with  Simultaneous   Re£ord  of  Auricular  and 
Ventricular  Contractions, — (i»)  For  this  purpose  two  levers  may  be 

C Arranged,  one  resting  on  the  auricle,  the  other  on  the  ventricle,  the 
yriting  points  being  placed  in  the  same  vertical  straight  line  on  the 
drum.     A  convenient  form  of  apparatus  is  shown  in  Fig.  53. 
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{h)  GasheWs  Method  {a  modiJi<aiwn  of). — Attach  a  silk  ligature  to 
the  very  apex  of  the  ventricle.  Di\-ide  the  fncnum,  cut  the  aorta 
across  close  to  the  bulbus,  pinch  up  a  tiny  portion  of  the  auricle  and 
ligature  it.  Remove  the  intestines,  liver,  tungs,  etc.,  care  being  taken 
in  cutting  away  the  liver  not  to  injure  the  sinus.  Then  remove  the 
lower  jaw,  and  cut  away  the  whole  of  the  body  except  the  head,  pari 
of  the  cesophagus  and  the  tissue  connecting  it  with  the  heart.  Fix 
the  head  in  a  clamp  sliding  on  an  ordinar)'  stand.     The  heart  is  held 


^  tVl 
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ITia  53.— Abrancemkkt  fos  Recokdinc  Au&ictrtAii  ako  Vicntriculaii 

CcMfTH  ACTIONS*. 

C,  cUmp  holding  the  hairi  at  the  auricalo<ventrIcQlar  froovc.  P.  pulley  round 
which  a  thread  auachcd  to  ihc  apex  of  the  reniriclc  pnssn  to  ihe  Irrer  L  :  L,  lever 
coiiiin:(ed  with  auricle.  The  reit  of  the  nrra linemen (  i*  for  »rudying  ihc  tnflueocr  of 
leniprralurc  on  the  lieart  and  its  nerves.  G  txine  a  vessel  filled  wiih  normal  saline 
solution  in  which  the  hean  Is  immersed  ;  R.  an  inflow  tube  from  a  reservoir  containing 
aalt  soJutton  at  the  tcmpeialure  required;  O .  an  outflow  lulic  by  which  G  maybe 
emptied  into  the  t>eaker  u  ;  O,  a  tube  pauinjf  to  the  beaker  B  to  prevcat  overflow  fron» 
O. ;  T,  >  ihrrmometer. 

at  the  a uriculo- ventricular  junction  in  a  Gaskell's  clamp  supported  on 
a  separate  stand.  The  thread  connected  with  the  ventricle  is  brought 
round  a  pulley  and  attached  to  a  lever  above  the  heart.  The 
auricle  is  connected  with  another  lever.  The  writing  points  of 
the  Iwo  levers  are  arranged  in  a  vertical  line  on  the  drum.  The 
small  pulley  must  be  oiled  from  time  to  lime  to  prevent  friaion 
(Fig.  53). 
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6.  DisMction  of  the  Vaffns  and  Cardiac  Sympathetic  Kerves  in 
the  Frt^. — (i)  Put  the  tissues  in  the  region  of  the  neck  on  the 
stretch  by  passing  into  the  gullet  a  narrow  test-tube  or  a  thick  glass 
rod  moistened  with  water,  and  by  pinning  apart  the  anterior  limbs. 
On  clearing  away  a  little  connective  tissue  and  muscle  xvilh  a  seeker, 
three  large  nerves  will  come  into  view.  The  upper  is  the  glosso- 
pharyngeal, the  lower  the  hypoglossal ;  the  vagus  crosses  diagonally 
between  them  (Fig.  54),  Parallel  to  the  vagus  trunk,  and  separated 
from  it  by  a  thin  muscle  and  a  bloodvessel,  lies  its  laryngeal 
branch.  'Ihe  vagus  should  be  traced  up  to  the  ganglion  situated  on 
it  near  its  exit  from  the  skull. 


Fig.  54.— Thk  Kklations  ok  thb  Vagus  ik  the  Fxoc 

(2)  Then  cut  away  the  lower  jaw,  dividing  and  reflecting  the 
membrane  covering  the  roof  of  the  mouth.  At  the  junction  of  the 
skull  and  the  backbone  will  be  seen  on  each  side  the  levator  anguli 
scapulse  muscle  (Fig.  55).  Remove  this  muscle  carefully  with  fine 
forceps,  clear  away  a  little  connective  tissue  lying  just  over  the  upper 
cervical  vertebrae,  and  the  sympathetic  chain,  with  its  ganglia,  will 
be  seen.  Pass  a  fine  silk  thread  beneath  the  sympathetic  about  the 
level  of  the  large  brachial  nerve,  by  means  of  a  sewing  needle  which 
has  been  slightly  bent  in  a  flame  and  fastened  in  a  handle.  Tie  the 
ligature,  divide  the  sympathetic  below  it,  and  isolate  it  carefully  with 
line  scissors  up  to  its  junction  with  the  vagus  ganglion. 
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7.  Stimnlation  of  the  Vagus  in  the  Frog.  —  Make  the  same 
aTrangements  as  in  5(1),  but,  in  addition,  set  up  an  induction 
machine  arranged  for  an  interrupted  current  (Fig.  56),  with  a  simple 
key  in  the  primary  circuit  and  a  short-circuiting  key  in  the  secondary. 
Attach  the  electrodes  to  the  short-circuiting  key,  push  the  secondary 
coil  up  towards  the  priniar)*  until  the  shocks  are  distinctly  felt  on  the 
tongue  when  the  Neefs  hammer  is  set  goin^  and  the  short-circuiting 
key  opened.  Pith  the  brain  of  a  frog,  expose  the  heart,  dissect  out 
the  vagus  on  one  side,  ligature  it  as  high  up  as  possible,  and  divide 
above  the  ligature.  Fasten  the  electrodes  on  the  cork  plate  by  means 
of  an  indiarubber  band,  and  lay  the  vagus  on  them.     Set  the  drum 


Flu.  55. -Relation  or  tiie  SvMfATHicrtc  to  the  Vagu»  in  tub  Fhou 
I.  9,  3,  4  Are  spinal  nn-vcsL 

off  (at  slow  speed).  After  a  dozen  heartbeats  have  been  recorded, 
stimulate  the  vagus  for  two  or  three  seconds  by  opening  the  short- 
circuiting  key.  If  the  nerve  is  active,  the  heart  will  be  slowed, 
weakened,  or  stopped.  In  the  last  case  the  lever  will  trace  an  un- 
broken straight  line;  but  even  if  the  stimulation  is  continued  the 
l)eats  will  again  begin. 

8.  Stimulation  of  the  Junction  of  the  Sinus  and  Atuicles. — After 
a  sufficient  number  of  the  observations  described  in  7  have  been 
taken  with  varying  time  and  strength  of  stimulation,  take  the  writing- 
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pomts  off  the  dnim,  apply  the  electrodes  directly  to  the  crescent  at 
the  junction  of  the  sinus  vennsus  with  the  tight  auricle,  and 
sumuhte-  The  heart  will  be  affected  very  much  in  the  same  way  as 
by  stimulation  of  the  \-agus,  except  that  during  the  actual  stimulation 
fits  beats  may  be  quickened  and  the  inhibition  may  only  begin  after 
the  electrodes  have  been  removed  ( Fig.  38,  p.  113). 

9.  Bflbct  of  Huscftrine  and  AtropiA. — Paint  on  the  sinus  venosus 
with  a  small  camel's-hair  brush  a  very  dilute  solution  of  muscarine. 
The  heart  will  begin  to  beat  more  slowly,  and  will  soon  stop  in 
diAiiole.  Now  apply  a  dilute  solution  of  sulphate  of  atropia  to  the 
unus.  The  heart  will  again  begin  to  beat.  Stimulation  of  the  vagus 
wUl  now  cause  no  inhibition  of  the  heart,  because  its  endings  have 
been  paraly/.ed  by  atropia.  (Muscarine  has  also  been  applied  to  the 
httrt.  but  it  could  he  shown  by  a  separate  experiment  that  atropia  by 
itaeif  has  the  same  effect  on  the  vagus  endings  )    (P.  1 15.) 

10.  Stannitis'  Experiineiit. — Pith  a  frog.  Expose  the  heart  in  the 
vaj  described  under  2.  Ligature  the  fraenum,  and  use  the  thread  to 
manipulate  the  heart     With  a  curved  needle  pass  a  moistened  thread 
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between  the  aoru  and  the  superior  vena  cava,  and  tie  it  round  the 
juDCtion  of  the  sinus  and  right  auricle.  The  auricles  and  ventricle 
stop  beating  as  soon  as- the  ligature  is  tightened.  The  sinus  venosus 
goes  on  belting.  Now  separate  the  ventricle  from  the  rest  of  the 
heart  by  an  incision  through  the  auriculo  ventricular  groove.  The 
ventricle  begins  to  brat  again,  the  auricle  remaining  quiescent  in 
dnstole  (p.  no). 

II.  BttDUUatioa  of  Cardiac  Sympathetic  Fibres  in  the  Frog.— (1) 
/«  the  pa^syrfif>af^^/ir  afUr  the  inhibitory  fibres  have  been  cut  out  by 
air&pm. — .\rrangc  everything  as  in  7.  Paint  a  dilute  solution  of 
atropia  n«j  the  sinus.  Stimulation  of  the  vagus,  which  is  really  the 
vago^ynipathettc  (see  Fig.  55),  will  now  cause,  not  inhibition,  but 
ftogtnentation  (increase  in  rate  or  force, or  both),  since  the  endings  of 
the  inhibitory  fibres  have  been  paralyzed  by  atropia.  'Ihe  strength 
of  ttimuUting  current  required  to  bring  out  a  typical  augmentor  effect 
is  greater  than  that  needed  to  stimulate  the  inhibitory  fibres. 

<»)  By  direct  stimulation  of  the  cenncal  sympathetic.— "Si^t  the 
same  aitangeraenis  as  in  11  (r),  but  dissect  out  the  sympathetic  on 
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one  side  in  the  manner  described  in  6  (3),  and  do  not  apply  atropta.1 
to  the  heart.  Lay  the  sympathetic  on  vcr>'  fine  and  well -insulated 
electrodes,  and  stimulate.  (To  insulate  electrodes  the  points  may 
be  covered  with  melted  paraffin.  When  the  paraffin  has  cooled,  a 
narrow  groove,  just  sufficient  to  lay  bare  the  wires  on  the  upper  side, 
is  made  in  it,  and  the  nerve  is  laid  in  this  groove.)    (Fig.  40,  p.  116.) 

Experiments  7,  11  (i)  and  ti  (2}  will  be  rendered  more  exact 
by  connecting  a  second  electro-magnetic  signal  wiih  a  Pohl's  com- 
mutator without  cross-wires  (Fig.  57),  in  such  a  way  that  the  circuit  is 
interrupted  at  the  instant  when  stimulation  begins. 

1 2.  The  Action  of  the  ManmuiUaii  Heart.  —  Inject  under  the 
skin  of  a  dog   1  cc  of  a  1   per  cent.,  or  i  cc,  of  a  3  per  ccnL 


Fiu.  57.— Akrancemknt   vuk    KF.roKitiNr.   THE   Begin.ms*.;   and  liMi  cw 
Stimulation. 

C,  l*ohl'i  commulalor  wiihoui  ctoss  wires  ;  B,  battery  in  clrcalt  of  primnry  oofi  P : 
It',  battery  In  circuit  of  dcctro-magnetic  signal  T ;  K.  simple  key  in  primnry  circuit ; 
.S.  secondary  coil.  When  the  bridge  of  itie  commutator  ts  tilted  inio  the  posjiion 
sbown  in  the  fiRure,  the  primary  drcuii  is  closed  and  the  circuit  of  tbe  signal  broken. 

solution  of  morphia  hydrochlorale  for  every  kilogram  of  body-weighl. 
A  medium-sized  dog  weighing  about  10  or  12  kilograms  should 
receive  about  5  cc.  of  the  2  per  cent  solution.  As  soon  as  the 
morphia  has  taken  effect  (in  15-30  minutes),  fasten  the  animal 
on  a  holder  (as  in  Fig.  81),  pushing  the  mouth-pin  behind  the 
canine  teeth  and  screwing  the  nut  home.  In  the  meantime  select  a 
tracheal  cannula  of  suitable  size,  and  get  ready  instruments  for 
dissection  —  one  or  two  pairs  of  artery- forceps,  a  pair  of  artery- 
clamps  (bulldog  pattern),  two  or  three  glass  cannula;  of  various  sizes 
for  bloodvessels,  twenty  strong  waxed  ligatures,  sponges,  hot  water, 
a  towel  or  two,  and  a  |>air  of  bellows  to  be  connected  with  the 
tracheal  cannula  when  the  chest  is  opened.  Arrange  an  induction- 
coil  and  electrodes  for  a  tctanizing  current.  With  scissors  curved  on 
the  flat  clip  away  the  hair  from  the  front  of  the  neck  and  the  anterior 
surface  of  one  thigh  below  Poupart's  ligament.     Put  the  hair  carefully 
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away»  and  remove  all  the  loose  hairs  with  a  wet  sponge  so  that  they 
may  not  get  into  the  wounds.  If  the  animal  is  not  fully  anaesthetized, 
give  ether.  Insert  a  glass  cannula  into  the  central  end  of  the  femoral 
vein,  through  which  i  or  2  cc.  oi  the  2  per  cent,  solution  of  morphia 
may  be  injected  when  necessary  by  pushing  the  needle  of  the  hypo- 
dermic syringe  through  the  indiarubbertubcon  the  cannula.  Feel  for 
the  femoral  arteiy,  cut  down  over  it,  and  with  forceps  or  a  blunt  needle 
separate  the  femoral  vein  from  it  for  about  an  inch.  Pass  two  un- 
waxed  ligatures  under  the  vein,  and  tic  a  loose  loop  on  each.  Put 
a  pair  of  bulldog  forceps  on  the  vein  between  the  Hgatures  and 
the  heart  ■  Now  tie  the  lower  (distal)  ligature,  and  cut  one  end 
short.  The  piece  of  vein  between  it  and  the  bulldog  forceps  is  thus 
distended  with  blood,  and  this  facilitates  the  next  step,  With  fine- 
pointed  scissors  make  a  snip  in  the  wall  of  the  vein.  The  cannula, 
which  has  a  piece  of  indiarubber  tubing  on  its  wide  end,  should  have 
been  previously  filled  with  normal  saline  solution,  which  is  prevented 
from  rtmning  out  by  a  pair  of  bulldog  forceps  or  a  screw  clamp  on 
the  tubing.  Now  push  the  cannula  through  the  slit  in  the  vein,  and 
tie  the  upper  ligature  tirmly  round  the  neck  of  the  cannula. 

To  put  a  Cannula  in  the  Trachea. — The  hair  having  been  clipped 
in  the  middle  line  of  the  neck  and  the  skin  shaved,  a  mesial  incision 
is  to  be  made,  beginning  a  little  below  the  cricoid  cartilage,  which 
can  be  felt  with  the  finger.  The  trachea  is  then  cleared  from  its 
attachments  by  forceps  or  a  blunt  needle,  and  two  strong  ligatures 
are  passed  beneath  it.  A  single  loop  is  placed  on  each  of  those. 
Raising  the  trachea  by  means  of  the  uppur  ligature,  the  student  makes 
a  longitudinal  incision  through  two  or  three  of  the  cartilaginous  rings, 
inserts  the  cannula,  and  lies  the  lower  ligature  firmly  around  it.  It 
is  well  also,  though  not  necessary,  to  tie  the  upper  ligature,  and 
additional  security  may  b>e  obtained  by  tying  together  the  ends  of  the 
two  ligatures  around  the  vertical  portion  of  the  cannula. 

Clip  off  the  hair  on  each  side  of  the  sternum.  Make  an  incision  on 
each  aide  through  the  skin  and  down  to  the  costal  cartilages  about  two 
inches  from  the  edge  of  the  breast  bone,  and  long  enough  to  expose 
about  four  costal  cartilages  (say  3rd  to  6th).  With  a  curved  needle 
pass  double  waxed  ligatures  round  the  cartilages,  and  tie  firmly  to 
compress  the  intercostal  vessels.  Then  pass  a  double  waxed  ligature 
under  the  upjjer  [rartion  of  the  sternum,  and  tie.  The  bellows  should 
now,  if  not  before,  be  connected  with  the  tracheal  cannula  by  an 
indiarubber  lube.  One  student  should  take  sole  charge  of  the  arti- 
ficial respiration,  which  ought  to  be  begun  as  soon  as  the  chest  has 
been  opened,  and  continued  at  the  rate  of  about  twenty  inflations  per 
minute.  It  will  often  be  a  good  plan  to  close  the  side  opening  of  the 
tracheal  cannula  with  the  finger  during  inflation,  and  to  open  it  when 
the  air  is  to  be  allowed  to  escape.  The  costal  cartilages  and  sternum 
are  rapidly  cut  through  with  scissors  between  the  double  ligatures, 
the  artificial  respiration  being  suspended  for  an  instant,  as  each  cut 
i^  made,  to  avoid  wounding  the  lungs.  The  lower  part  of  the 
sternum  is  turned  down  like  the  lid  of  a  box,  tied  out  of  the  way 
or  cut  off  altogether,  and  the  heart,  enclosed  in  the  pericardium. 
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comes  into  view.  If  the  ligatures  round  the  sternum  have  not 
properly  compressed  the  internal  mammary  arteries,  hEeroorrhage 
from  the  central  ends  may  now  occur.  In  this  case  they  must  be 
seized  with  artcr)'-forcei)s  and  ligatured.  A  cotton  thread  is  now 
passed  with  a  suture-needle  through  each  side  of  the  pericardium, 
which  is  then  stitched  to  the  chest-wall  and  opened.  The  following 
obser>-ations  and  experiments  should  now  be  made: 

(ri)  Note  the  various  portions  of  the  heart,  ripht  and  left  ventricles, 
right  and  left  auricles,  with  the  auricular  appendices.  Feel  the  heart 
with  the  hand,  and  observe  that  the  right  ventricle  is  softer  and  has 
thinner  walls  than  the  left,  and  that  the  auricles  are  softer  than  the 
ventricles.  Note  how  all  the  parts  of  the  heart  harden  in  the  hand 
during  systole  and  soften  during  diastole  (pp.  60^4). 

(^)  Pith  a  frog  (brain  and  cord),  dissect  out  the  sciatic  nerv-e  on  one 
side  up  to  the  sacral  plexus.  Cut  off  the  whole  leg.  Drop  the  cut 
end  of  the  nerve  on  the  heart,  and  hold  the  preparation  so  that  the 
nerve  touches  the  heart  also  by  its  longitudinal  surface.  At  each 
cardiac  beat  the  ner\'e  is  stimulated  by  the  action  current  (Chap.  Xt), 
and  the  muscles  of  the  leg  contract. 

(f )  Dissect  out  the  vago  sympathetic  in  the  neck  of  the  dog.  T  he 
guide  to  the  nerve  is  the  carotid  artery.  Feel  for  the  artery  a  little 
external  to  the  trachea,  cut  down  oti  it,  open  the  common  sheath, 
isolate  the  vagosympathetic  for  about  an  inch,  pass  two  ligatures 
under  it,  tie  them,  and  divide  between  the  ligatures.  The  peripheral 
and  central  end  of  tlie  nerve  may  now  be  successively  stimulated. 
Stimulation  of  the  peripheral  end  causes  slowing  of  the  heart  or 
stoppage  in  diastole.  Feel  that  it  softens  when  it  stops.  It  soon 
l>egins  to  beat  again.  Stimulation  of  the  central  end  of  the  vago- 
sympathetic may  or  may  not  cause  inhibition.  If  it  does,  expose  the 
other  vago-sym pathetic,  divide  it,  and  repeat  the  stimulation  of  the 
central  end.  There  will  now  be  no  inhibition  of  the  heart  Inci- 
dentally it  may  be  seen  that  stimulation  of  the  central  end  of  the 
vagosympathetic  causes  strong,  though, of  course,  with  opened  chest, 
abortive,  resi)iralory  movements. 

{d)  Lay  the  electrodes  on  the  heart,  and  stimulate  it  with  a  strong 
interrupted  current.  The  character  of  the  contraction  soon  becomes 
profoundly  altered.  Shallow  irregular  contractions  Ricker  over  the 
surface,  with  a  kind  of  simmering  movement  suggestive  of  a  boiling 
pot  (delirium  cordis,  fibrillar  contraction).  Now  kill  the  animal  by 
stopping  the  artificial  respiration. 

{e)  Make  a  dissection  of  the  cervical  sympathetic  up  to  the  superior 
cervical  gatiglion,  and  down  through  the  inferior  cervical  ganglion  lo 
the  stellate  or  first  thoracic  ganglion.  Make  out  the  annulus  of 
Vieussens  and  the  cardiac  sympathetic  (accelerator)  branches  going 
off  from  the  annulus  or  the  inferior  cervical  ganglion  to  the  cardiac 
plexus  (Fig.  43  ;  see  also  p  120), 

13.  Action  of  the  Valves  of  the  Heart. — Study  the  action  of  the 
valves  of  the  oxheart  in  the  artificial  scheme.  Connect  the  oxheart 
provided  with  the  pump  P  and  bottle  B,  as  shown  in  Fig.  58.  The 
cavity  of  the  heart  is  illuminated  by  means  of  a  small  electric  lamp, 
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the  wires  of  which  pass  in  at  A.    When  ihe  pision  of  ihe  pump  is 
pushed  down,  water  is  forced  through  the  aorta  D  along  the  tube  T 


FJC.  50.— ASRANCKuesr  to  Illi-rthate  Actiom  or  Cardiac  Valves  in  the 
Heakt  ok  an  Ox  |Oad). 

C,  (Ian  window  in  XkU.  duriclc ;  D.  window  in  aorta ;  E,  tube  inserted  through  apex 
tit  ttran  Into  left  »enlricle  and  conn«-teH  with  pump  P  ;  A,  side  tube  on  E,  through 
whkh  wires  ire  connected  with  a  tiny  incandescent  Inmp  in  ihe  ventricle .  \V.  water 
in  boiiI«  B  ;  T.  T  lubes.     (For  contpitrlson,  u»e  human  heart  with  vatvuhir  leiion.) 


into  the  bottle,  and  flows  back  again  into  the  left  auricle  by  the 
tube  T.     During  each  stroke  of  the  pump  the  auriculu-venUv<i\iV3A 
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valve  is  seen  through  the  glass  disc  inserted  into  C  to  close,  and 
semilunar  valves  are  seen  through  the  glass  in  D  to  open.     \Vhen 
the  piston  is  raised,  the  semilunar  valves  arc  seen  to  be  closed  and 
the  a uriculo- ventricular  valve  to  be  opened. 

14.  Oardiogram. — Smoke  a  drum,  and  arrange  a  recording  tambour 
and  a  time-marker  beating  quarter-seconds  to  write  on  it  (Kig.  51). 
Apply  the  button  of  a  cardiograph  (Fig.  i8)  over  yout  own  cardiac 
impulse,  and  fasten  it  round  the  body  by  a  string.  Connect  the 
cardiograph  by  an  indiarubber  tube  with  the  recording  tambour. 
Set  the  drum  off  at  a  fast  speed,  take  a  tracing,  and  varnish  il 
Compare  with  Fig.  19,  and  measure  out  the  time-value  of  the  various 
events  in  the  cardiac  rcvoUition  as  indicated  on  the  cardiogram. 

15.  Blood-pressare  Tracing. — {a)  Put  a  dog  under  morphia  (p.  150). 
Set  up  an  induction-machine  arranged  for  an  interrupted  current  Fill 
the  connecting-tubes  and  one  limb  of  the  manometer  with  saturated 
solution  of  sodium  carbonate  or  35  per  cent,  magnesium  sulphate. 
All  air  may  be  got  out  of  the  manometer  by  inserting  a  T-piece 
between  it  and  the  tube  which  is  to  connect  it  with  the  artery.  The 
stem  of  the  T  has  a  short  piece  of  indiarubber  tube  on  it,  closed  by 
a  pinchcock.  A  syringe  filled  with  the  sodium  carbonate  solution  is 
attached  to  the  connecting-tube  or  the  horizontal  limb  of  the  T-piece, 
and  the  solution  is  injected  till  the  mercury  in  the  nearer  limb  of  the 
manometer  has  sunk  10  within  an  inch  of  the  bend.  The  pinchcock 
is  now  suddenly  opened  for  an  instant,  and  some  air  escapes.  The 
mancL'uvre  is  rei>ealed  as  often  as  may  be  necessary.  When  all  the 
air  is  out,  get  up  a  pressure  of  about  10  cm.  of  mercury — />.,  let 
the  difference  of  level  in  the  two  limbs  of  the  manometer  be  10  cm. — 
and  clamp  the  tubes  (see  Fig.  35,  p.  79). 

Now  smoke  a  drum,  and  arrange  the  writing-point  of  the  mano- 
meter-float so  that  it  will  write  on  the  drum  without  undue  friction. 
In  the  same  vertirjil  line  below  it  adjust  the  writing-point  of  a  time- 
marker  beating  seconds. 

Next,  fasten  the  animal  on  a  holder,  back  down.  Give  ether,  if 
necessary,  and  insert  a  tracheal  cannula.  (The  tracheal  cannula  is 
not  absolutely  required  for  the  experiment,  but  it  is  convenient,  as 
the  animal  is  more  under  control,  and  artificial  respiration  can  be 
begun  at  any  moment,  should  this  be  netessary.)  Insert  a  glass 
cannub  into  the  central  (cardiac)  end  of  the  carotid  artery  (p.  45). 
Leaving  the  bulldog  forceps  on  the  artery,  slip  the  short  india- 
rubber  lube  of  the  cannula  on  to  the  glass  tube  which  connects 
with  the  manometer,  seeing  that  both  are  quite  full  of  liquid,  so 
that  no  air  may  be  tnclosed.  Now  take  off  the  bulldog  forctps»  and 
allow  the  drum  to  revolve  at  slow  speed.  The  writing-point  of  the 
manometer-llciat  will  trace  a  curve  sliowing  an  elevation  for  each 
heartbeat,  and  longer  waves  due  to  the  movements  of  respiration. 

{b")  Now  isolate  the  vagosympathetic  nerve  in  the  neck.  Ligattire 
doubly,  and  cut  between  the  ligatures.  Stimulate  first  the  peripheral 
(lower)  and  then  the  central  (upper)  end,  and  note  the  effect  on  the 
blood-pressure  curve. 

(c)  Kxposc  and  divide  the  other  vago-sym|>athetic  while  a  tracing 
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is  being  taken.     Again  stimulate  the  central  end  of  the  nerve,  and 
obscnrc  whether  there  is  any  effect. 

(i)  Expose  the  sciatic  nerve  in  one  leg.     This  is  very  easily  done 

2i  followsu     ITie  leg  having  been  loosened  from  the  holder,  the  foot 

is  (Cued  by  one  hand  and  lifted  straight  up,  so  as  lo  put  the  skin 

of  ibe  thigh  on  the  stretch.     An    incision   is    now  made    in    the 

■iddie  line  on  the  posterior  aspect  of  the  thigh,  the  skin  and  sub- 

csuoeous  tissue  being   divided   at  one  sweep.      The  muscles  are 

Kpanted  in  the  line  of  the  incision  with  the  fingers,  and  the  sciatic 

ntrre  comes  into  view  lying  deeply  between  them.     Place  a  double 

t'tfUure  on  it,  and  divide  between  the  ligatures.     Stimulate  the  upper 

[oentnl  end) ;  the  hlood- pressure  probably  rises,  and  the  heart  may 

he  accelerated.     Stimulate  the  peripheral  end  of  the  nerve;  there  is 

'iftic  change  in  the  blood-pressure  and  none  in  the  rale  of  the  heart. 

\f)  Note,  incidentally,  that  stimulation  of  the  central  end  of  ihe 

ngo-^rmpathetic  or  of  the  sciatic  may  cause  increase  in  the  rate  and 

depth  of  the  respiratory  movements.     Dilatation  of  the  pupil  may 

abb  be  caused,  especially  by  stimulation  of  the  vagosympathetic. 

if)  Close  the  tracheal  cannula  so  that  air  can  no  longer  enter  the 
hnpL  In  a  very  short  time  the  blood  pressure  curve  begins  to  rise 
(rise  of  asphyxia).  After  some  minutes  the  pressure  falls,  and  fmally 
becomes  zero ;  rv.,  the  level  of  the  mercury  is  the  same  in  the  two 
limbs  of  the  manometer  (or,  rather,  the  mercury  in  the  distal  limb  is 
higher  than  that  in  the  proximal  limb  by  the  amount  needed  to 
exactly  balance  the  pressure  of  the  column  of  sodium  carbonate  in 
the  latter).  Disconnect  the  arterial  cannula  from  the  manometer,  and 
allow  the  writing-point  lo  trace  a  horizontal  straight  line  {hne  of  zero 
pressure)  on  the  drum  (Figs.  48  and  49). 

1 6.  Section  and  BtimuXation  of  the  Cervical  Sympathetic  in  the 
JUbUt. — Weigh  out  f  gramme  chloral  hydrate.  Dissolve  in  a  little 
water  and  inject  into  the  rectum  of  an  albino  rabbit.  Put  a  pair  of 
bttlkk^  forceps  on  the  anus  to  prevent  escape  of  the  solution.  Set 
up  an  induction  coil  arranged  for  an  interrupted  current,  and  connect 
it  through  a  short-circuitmg  key  with  electrodes.  The  pre[>arations 
oecesury  for  an  operation  with  antiseptic  precautions  are  sup[K>scd 
to  have  been  previously  made — the  instruments,  sponges,  and  liga- 
tures boiled  in  water  ;  the  instruments  then  immersed  in  a  5  per  cent, 
solution  of  carbolic  acid,  the  sponges  and  ligatures  in  corrosive 
wbliiiiate  solution  (o'l  per  cent.).  The  hands  are  to  be  washed, 
beSarc  the  cutting  operation  begins,  with  soap  and  water,  and  then 
Msked  in  the  corrosive  solution. 

Ka&ten  the  rabbit  on  a  holder,  back  downwards,  as  in  Fig.  36.  Clip 
off  the  hair  on  the  anterior  surface  of  the  neck.  Remove  loose  hairs 
witij  a  wet  sponge,  shave  the  neck,  and  wash  it  thoroughly  first  with 
and  water,  and  then  with  corrosive  sublimate.  Give  ether  if 
^  Make  a  longitudinal  incision  in  the  middle  line  over  the 

trachea,  beginning  a  little  below  the  thyroid  cartilage  and  extending 
downvjirds  for  an  inch  and  a  half.  Feel  for  the  carotid  artery, 
expose,  and  raise  it  up.  Two  nerves  will  now  be  seen  coursing  beside 
artcfy.     The  larger  is  the  vagus,  the  smaller  the  sympathetic. 
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A  third  and  much  Bner  nerve  (the  depressor,  or  superior  cardiac 
branch  of  the  vagus)  may  also  be  seen  in  the  same  position,  but  the 
student  should  neglect  this  for  the  present.  Pass  a  ligature  under 
the  sympathetic,  and  tie  it,  the  car  being  held  up  to  the  light  while 
ths  is  being  done,  so  that  its  vessels  may  be  dearly  seen.  A  transient 
constriction  of  the  arteries  may  be  seen  at  the  moment  when  the 
nerve  is  ligatured.  I'his  is  due  to  stimulation  of  the  vasoconstrictor 
fibres.  U'hen  follows  a  marked  dilatation  of  the  bloodvessels  due  to 
paralysis  of  these  6bres.  The  ear  is  flushed  and  hot.  On  stimula- 
tion of  the  upper  (cephalic)  end  of  the  sympiathetic  with  disinferte 
electrodes,  the  vessels  are  markedly  constricted  and  the  ear  becomj 
pale  and  cold.  The  wound  is  now  to  be  closed,  the  muscles  beir 
til  St  brought  together  by  a  row  of  interrupted  sutures,  and  then  tti 
skin  by  another  row.  Since  it  is  difficult,  if  not  impossible, 
thoroughly  disinfect  the  hair-follicles,  and  a  suture  passed  throug 
a  stptic  follicle  is  apt  to  give  rise  to  suppuration,  subcutancuu 
stitches — I'.e.y  stitches  passed  by  a  curved  needle  through  the  dt 
layer  of  the  skin  without  coming  through  to  the  surface — may 
employed.  The  wound  is  to  be  protected  by  a  coating  of  coUodic 
No  other  dressing  is  required.  The  animal  is  now  removed  from  tfc 
holder  and  put  back  to  its  hutch.  The  student  must  examine  it 
least  once  a  day  for  the  next  week,  and  study  the  differences  betwe 
the  Uvo  ears  (p.  127). 

1 7.  Stimolation  of  the  Depressor  Nerve  in  the  Kabbit — Set 
the  apparatus  for  a  blood -pressure  tracing  as  described  in  h 
Arrange  an  induction  coil  and  electrodes  for  an  interrupted  current 
Anaesthetize  a  rabbit  with  J  gramme  chloral  hydrate,  and  if  neces- 
sary' with  ether.  For  blood-pressure  exijeriments  only  small  doses  of 
chloral  hydrate  or  chloroform  can  be  given,  as  they  aflfect  the  vaso- 
motor centre.  Hut  the  animal  on  the  holder.  In^rt  a  cannula  in  ihi* 
trachea  and  a  glass  cannula  in  the  central  end  of  the  carotid  artery. 
Isolate  the  depressor  nerve.  Put  double  ligatures  on  it.  and  divide 
between  tlicm.  Connect  the  cannula  in  the  carotid  with  the  mano- 
meter and  take  a  blood-pressure  tracing.  Stimulate  the  central 
(upper)  end  of  the  depressor.  A.  marked  fall  of  blood-pressure  will 
be  obtained.  Stimulate  the  peripheral  (lower)  end  :  no  effect. 
Divide  Ixjth  vagi,  and  again  stimulate  the  central  end  of  the  nerve. 
The  blood-prcssurc  again  falls.  Stimulation  of  the  depressor  must, 
therefore,  lower  the  blood -pressure  in  some  other  way  than  by  reflex 
inhibition  of  the  heart.  It  is  known  that  it  does  so  by  causing 
reflex  dilatation  uf  the  small  arteries,  especially  in  the  abdominal 
(splanchnic)  area.  Close  the  tracheal  cannula,  and  obtain  another 
tracing,  showing  the  effect  of  asphyxia.     Varnish  the  tracings  (see 

Fig-  47)- 

Autopsy. — Dissect  the  nerve  that  has  been  stimulated  up  to  the 
origin  of  the  superior  laryngeal  branch  of  the  vagus,  to  make  sure 
that  it  is  the  depressor  (Fig.  46). 

18.  BetarminatioD  of  the  Circulation-time.  —  (a)  Begin  with  an 
artificial  scheme  (Fig.  59).  Fill  the  syringe  with  a  0*2  per  cent, 
solution  of  methylene  blue.     Allow  the  water  to  flow  from  the  bottle 
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\  loosening  the  clamp.  Inject  a  de5nite  quantity  of  the  meihylene- 
)ue  solution,  and  with  a  fttopwatch  observe  liow  long  it  takes  to 
pass  from  the  point  of  injection  to  the  end  of  the  glass  tube  filled 
with  beads.  Make  ten  readings  of  this  kind  and  take  the  mean. 
Then  raise  the  bottle  so  as  to  increase  the  rate  of  flow  of  the  water, 
aiid  repeat  the  observations.  The  '  circulation-time '  will  be  found 
to  be  diminished.    This  corresponds  to  an  increase  of  blood  pressure 


fm    59l— ARTIFICIAL    SCHKME    TO    lH.L'STUATK    METHOD    OF     MBASURINO    THB 

Circulation  Tike 

B.  bonle  cofllfclning  »aier,  the  rate  of  outflow  of  which  is  rrnpilated  bv  screw  damp 
J.  :S.  spinEe  hllcil  with  nieitiylene-blueioluiion.  connifcicdu  nil  rpicccA;  M.  beaker 
DOntainiog  tDCltivlcnr-bliif  solutioa  ;  b,  e.  icrcw-clAHips  ,  C,  Tpicc^,  inserted  in  the 
tounr  of  thv  firxibV  tube  R.  and  coni>ect«d  with  the  glass  lub«  T,  which  is  filled  with 
boids  ;  F.  oatflow  inbc.  Tlie  clRinp  c  hutitiK  twen  clos«i  and  ^opened,  the  syringe  is 
nfle4  with  the  in«ihf1enr-blue  solution,  b  is  then  clo&cd,  e  opcnrd,  ;ind  a  demiite 
4|i«Mel^  of  the  lolalion  injected  into  the  sysirm.  T)ic  time  (roiii  the  beginning  of  in- 
}«etloa  till  the  appearance  of  the  blue  at  G  n  measurfU  with  the  slop-watch. 

doe  to  increased  activity  of  the  heart  without  change  in  the  calibre 

'     ■  •    bloodvessels.     Next,  leaving  the  bottle  in  its  present  position, 

r.sh  the  outflow  by  lightening  the  clamp;  the  circulation-lime 

-«nli    be    increased.      This   corresponds   to   an  increase    of  blood- 

'  *|lre«ure  due  to  diminution  in  the  calibre  of  the  small  arteries. 

(^)  Fill  the  syringe  with  methylene-blue  solution  (0*2  i>er  cent,  in 
normal  saline),  as  in  (a).     Keep  the  solution  warmed  to  40"  C.  by 
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immersing  the  small  beaker  containing  it  in  a  water-bath,  or  heating 
over  a  bunsc-n  with  a  small  flame.  Weigh  a  rabbit,  and  inject 
I  gramme  chloral  into  the  rectum.  Fasten  it  on  a  holder,  back 
downwards  {Kig.  56,  p.  104).  Clip  00"  the  hair  on  the  front  of  the 
neck,  and  after  giving  ether  if  the  animal  shows  the  least  sign  uf 
pam,  make  an  incision  i^  inches  long  in  the  middle  line,  beginning 
a  little  way  below  the  cricoid  cartilage.  Reflect  the  skin  and  isolate 
the  external  jugular  vein,  which  is  quite  superficial.  Carefully 
separate  about  j  inch  of  the  vein  from  the  surrounding  tissue,  and 
pass  two  ligatures  under  it,  but  do  not  tie  them.  Compress  the 
vein  with  a  pair  of  bulldog  forceps  between  the  heart  and  the 
ligatures.  Now  tic  the  uppermost  of  the  two  ligatures  (that  next  the 
head),  but  only  put  a  single  loose  loop  on  the  other.  The  piece 
of  vein  between  the  upper  ligature  and  the  bulldog  is  now  dis- 
tended with  blood.  With  fine-pointed  scissors  make  a  small  slit  in 
the  vein,  taking  great  care  not  to  divide  it  completely,  and  insert 
the  cannula*  previously  filled  with  normal  saline^  which  is  retained 
by  means  of  a  pair  of  bulldog  forceps  on  the  short  piece  of  india- 
rubber  tubing  attached  to  it.  Tie  the  loose  ligature  firmly  over  the 
neck  of  thu  cannula.  Kxposc  the  carotid  on  the  other  side,  isolate 
it  for  ^  inch,  clear  it  carefully  from  its  sheath,  slip  under  it  a  strip 
of  thin  sheet  indiarubber,  and  between  this  and  the  artery  a  little 
piece  of  white  gla/ed  paper.  Connect  the  cannula  in  the  jugular 
with  the Tpiece  attached  to  the  syringe.  Care  must  be  taken  that 
no  air  remains  in  the  cannula  or  its  connecting  tube,  as  an  animnl 
notunfrequently  dies  instantaneously  when  a  bubble  of  air  is  injected 
into  the  right  heart. 

Now  take  off  the  bulldog  from  the  vein,  and  make  a  series  of 
observations  on  the  pulmonary  circulation-time.  The  animal  must 
be  so  placed  that  a  good  light  falls  on  the  carotid.  If  necessar)',  the 
light  of  a  gas-flame  may  be  concentrated  on  it  by  a  lens.  The 
student  holds  the  stop-watch  in  one  hand,  and  injects  a  measured 
quantity  of  the  nicthylenebluc  solution  with  the  other.  Uniformity 
in  the  quantity  injected  is  secured  by  fastening  on  the  piston  of  the 
syringe  a  screw-clamp,  which  stops  the  piston  at  the  desired  [>oint. 
The  observation  consists  in  setting  off  the  watch  at  the  moment  when 
injection  begins  and  slopping  it  when  the  hlueapjiears  in  the  carotid. 
After  each  injection  the  screw-clamp  or  pinchcock  on  the  lube  con- 
nected with  the  cannula  must  be  tightened,  the  other  opened,  and 
the  syringe  refillfd.  Cireat  care  must  be  taken  never  to  open  the  two 
clamps  at  the  same  time,  as  in  that  case  blood  may  regurgitate  through 
the  jugular  and  fill  the  syringe,  or  methylene  blue  may  be  sucked 
into  the  circulation.  As  many  observations  as  possible  should  be 
taken,  and  the  mean  determined.  The  circulation-time  observed  is 
approximately  that  of  the  lesser  circulation,  the  time  taken  by  the 
blood  to  pass  from  the  left  ventricle  to  the  carotid  being  negligable. 

Autopsy. — Observe  particularly  the  state  of  the  lungs,  whether  the 
bladder  is  distended  or  not,  and  whether  any  of  the  serous  cavities 
or  the  intestines  contain  much  liquid ;  so  as  to  determine,  if  possible, 
by  what  clunnel  the  water  injected  into  the, blood  may  have  been 
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diininateA  The  specific  gravity  of  the  blood  may  also  be  tested  at 
the  beginning  and  end  of  iht.*  fxperiment. 

ig.  Sphysmographic  Tracings.  —Attach  a  Marey's  sphygmograph 
(Fig.  22,  p.  71)  to  the  arm.  Fasten  a  smoked  paper  on  ihe  plale  D, 
Apply  the  pad  C  of  the  sphygmograjih  to  the  wrist  over  the  point 
where  the  pulse  of  the  radial  artery  ran  be  most  distinctly  felt. 
Adjust  the  pressure  by  moving  the  screw  G.  The  writing-point  of 
the  lever  E  will  rise  and  fall  with  every  puLsc-beat.  When  evcr)'thing 
is  satisfactorily  ananged,  set  oflf  the  clockwork  which  moves  the 
plate  D,  and  a  puUe-tracing  will  be  obtained.  Study  the  changes 
which  can  be  produced  in  the  form  of  the  pulse  curve — {a)  by  raising 
the  arm  above  the  head  and  lelting  it  hang  at  the  side,  {p)  by  com- 
pressing  the  brachial  arter>'  at  the  bend  of  the  elbow,  (f)  by  altering 
the  pressure  of  the  pad.  Varnish  the  tracings  after  marking  on  them 
the  conditions  under  which  they  were  obtained. 

20.  Plethyamographic  Tracings.^ -Connect  the  vessel  C  (Fig.  33, 
p.  96)  with  h,  place  the  arm  in  it,  and  adjust  the  indianibber  band 
10  make  a  watertight  connection.  Fill  f,"  with  water  at  body  tem- 
perature. Adjust  a  writing-(>oint  carried  by  the  float  A  to  write  on  a 
drum,  and  close  the  upper  tubulure  of  C  with  a  cork.  The  quantity  of 
blood  in  the  arm  is  increased  with  every  systole  of  the  left  ventricle, 
diiointshed  in  diastole.  ITie  float  will  therefore  rise  when  the 
ventricle  contracts  and  sink  when  it  relaxes.  Or  C  may  be  connected 
by  an  tndiarubber  tube  with  a  recording  tambour  writing  on  the 
dnun.  Adjust  a  time-marker  to  write  half  or  quarter  seconds.  Mark 
and  tarnish  the  tracings. 


CHAPTER    III. 


EESPIEATION. 


Respiration   in  its  widest  sense  is  the  sum  total  of  the 

processes  by  which  the  ultimate  elements  of  the  body  gain 
the  oxygen  they  require,  and  get  rid  of  the  carbonic  acid 
they  produce. 

Oomparative.— In  a  unicellular  organism  no  special  mechanism  of 
respiration  is  needed  ;  the  oxygen  diffuses  in,  and  the  carbonic  acid 
diffuses  out,  through  the  general  surface.  The  simple  wants  of  such 
multicellular  animals  as  the  cct;)cnterates,  the  group  to  which  the  sea 
anemone  belongs,  are  also  supplied  byditTusion  through  the  ectoderm 
from  and  into  the  surrounding  water,  and  through  thcendoderm  from 
and  into  the  contents  of  the  body-cavity  and  its  ramifications. 

But  in  animals  of  more  complex  structure  special  arrangements 
become  necessary,  and  respiration  is  broken  up  into  two  stages  :  (c) 
external  respiration,  an  interchange  between  the  air  or  water  and  a 
circulating  medium  or  blood  as  it  passes  through  richly  vascular  skin, 
gi)I«,  tracheae,  or  lungs;  and  (2)  internal  respiration^  an  interchange 
between  the  blood,  or  lymph,  and  the  cells. 

In  the  lower  kinds  of  worms  respiration  goes  on  solely  through  the 
skin,  under  which  plexuses  of  bloodvessels  often  exist,  but  in  some 
higher  worms  there  are  special  vascular  appendages  that  play  the  part 
of  gills.  The  crusiacea  also  possess  gilh,  while  in  the  other  arthro- 
pocia  respiration  is  carried  on  either  by  the  general  surface  of  the 
body  (in  some  low  forms),  or  more  commonly  by  means  of  trachea, 
or  branched  tubes  surrounded  by  blood  spaces  and  communicating 
externally  with  the  air  and  internally  by  their  finest  twigs  with  the 
individual  celts.  Most  of  the  mollusca  breathe  by  gills,  but  a  few 
only  by  the  skin. 

Among  vertebrates  the  fishes  and  larval  amphibians  breathe  by 
gills,  but  most  adult  amphibians  have  lungs.  The  skin,  too,  in  sucii 
animals  as  the  frog  has  a  very  important  respiratory  function,  more 
of  the  gaseous  exchange  taking  place  through  it  than  through  the 
lungs. 

One  small  group  of  fishes,  the  dipnoi,  has  the  peculiarity  of 
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ng  both  gills  and  a  kind  of  lungs,  the  swim-bladder  being 
sonoundcd  with  a  plexus  of  bloodvessels  and  uking  on  a  respiratory 
function. 

Ib  til  the  higher  vertebrates  the  respiration  is  carried  on  by  lungs ; 
the  trifiiog  amount  of  gaseous  interchange  which  can  possibly  take 
place  through  the  skin  is  not  worth  taking  into  account.  The  lungs 
are  lo  be  regarded  as  developed  from  outgrowths  of  the  alimentary 
ami,  beginning  near  the  mouth. 

The  object  of  all  special  respiratory  arrangements  being,  in  the 
fia(  instance,  to  facilitate  the  gaseous  exchange  between  the  sur- 
nianding  medium  (air  or  water)  and  the  blood,  a  prime  necessity  of 
a  respiratory  organ,  be  it  skin,  gill,  trachea,  or  lung,  is  a  free  supply 
of  Wood,  in  vessels  so  fine  and  thin  that  diffusion  readily  takes  place 
mio  them  and  out  of  them.  But  a  free  supply  of  blood  would  be  of 
noarail  if  the  medium  to  which  the  blood  gave  up  its  carbonic  acid 
^  from  which  it  drew  iu  oxygen  was  not  bemg  constantly  and 
nffidently  renewed. 

Sometimes  (he  natural  currents  of  the  water  or  the  air  are  of 
tbcnuclves  suffident  to  secuie  this  renewal  ;  in  other  cases,  artificial 
ctirrenis  are  set  up  by  cilia,  or  special  bailing  organs,  like  the  scapho- 
jsniihites  of  the  lobster.  In  all  the  higher  animals  active  move- 
ments*  by  which  air  or  water  is  brought  into  contact  with  the  respira- 
tory surfaces,  are  necessary ;  and  it  is  possible  that  such  movements 
ttke  place  even  in  the  trachea:  of  insects  and  other  air-breathing 
irthropoda.  Fishes,  by  rhythmical  swallowing  movements,  take  in 
vater  through  the  mouth  and  |Xiss  it  over  the  gills  and  out  by  the 
"il-slitA,  while  the  frog  distends  its  lungs  by  swallowing  air. 


Phjniologioal  Anatomy  of  the  B«spiratory  Apparatus. — I  n 
man  the  respiratory  apparatus  consists  of  a  tube  (the  trachea) 
widened  at  its  upper  part  into  the  larj^nx.  which  contains 
the  special  mechanism  of  voice,  and  communicates  through 
the  nose  or  mouth  with  the  external  air.  Below,  the  trachea 
diindes  dendritically  into  innumerable  branches,  the  ultimate 
divisions  of  which  are  called  bronchioles.  Each  bronchiole 
breaks  up  into  several  wider  passages,  or  infundibula,  the 
walls  of  which  are  everywhere  pitted  with  recesses  or 
alcoves,  called  alveoli.  The  trachea  and  larger  bronchi  are 
strengthened  by  hyaline  cartilage  in  the  form  of  incomplete 
riogs.  connected  behind  by  non-striped  muscular  fibres, 
which  also  exist  in  the  intervals  between  the  rings.  The 
middle-sized  bronchi  within  the  lungs  have  the  cartilage  in 
the  form  of  detached  pieces  in  the  outer  portion  of  the  wall, 
while  nearer  the  lumen  lies  a  complete  ring  of  non-striped 
mascle. 

XX 
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In  the  bronchioles,  no  cartilage  is  present,  but  the  circu- 
larly-arranged muscular  fibres  still  persist,  and  also  form  a 
thin  layer  in  the  infundibula.  In  the  air-ceUs»  or  alveoli, 
however,  there  are  no  muscular  fibres.  Their  walls  consist 
essentially  of  a  network  of  clastic  fibres,  continuous  with  a 
similar  layer  in  the  infundibula  and  bronchioles,  and  covered 
on  the  side  next  the  lumen  by  a  single  layer  of  large,  clear 
epithelial  scales,  with  here  and  there  a  few  smaller  and  more 
granular  polyhedral  cells. 

From  the  larynx  to  the  bronchioles  the  mucous  mem- 
brane is  ciliated  on  its  free  surface,  the  cilia  lashing  upwards 
so  as  to  move  the  secretion  towards  the  larynx  and  mouth. 
In  the  infundibula  the  ciliated  epithelium  begins  to  disappear, 
and  is  absent  from  the  alveoli.  Fart  of  the  nasal  cavity  and 
the  upper  part  of  the  pharynx  are  also  lined  with  ciliated 
epithelium. 

Mitcotis  glands  are  present  in  abundance  in  the  upper 
portions  of  the  respiratory  passages,  but  disappear  in  the 
smaller  bronchi. 

Blood-BQppIj  of  the  Lungs. — The  quantity  of  blood  traversing 
the  lungs  bears  no  proportion  to  the  amount  required  for 
their  actual  nourishment.  Small,  however,  as  this  latter 
quantity  is,  it  cannot  apparently  be  derived  from  the  vitiated 
blood  of  the  right  ventricle,  but  is  obtained  directly  from  the 
aortic  system  by  the  bronchial  arteries.  These  are  dis- 
tributed with  the  bronchi,  which  they  supply  as  well  as  the 
connective-tissue  of  the  interlobular  septa  running  through 
the  substance  of  the  lung,  the  pleura  lining  it  and  the  walls 
of  the  large  bloodvessels.  Most  of  the  blood  from  the 
bronchial  arteries  is  returned  by  the  bronchial  veins  into  the 
systemic  venous  system,  but  some  of  it  finds  its  way  by 
anastomoses  into  the  pulmonary  veins. 

The  branches  of  the  pulmonary  artery  are  also  distributed 
with  the  bronchi,  and  break  up  into  a  dense  capillary  net- 
work around  the  alveoli.  From  the  capillaries  veins  arise 
which,  gradually  uniting,  form  the  large  pulmonary  veins 
that  pour  their  blood  into  the  left  auricle. 

The  same  quantity  of  blood  must,  on  the  whole,  pass  per 
unit  of  time  through  the  lesser  as  through  the  greater  circu- 
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latioDf  otherwise  equilibrium  could  not  exist,  and  blood 
would  accumulate  either  in  the  lungs  or  in  the  systemic 
Tcssels.  But  it  does  not  follow  that  at  each  heart-beat  the 
output  of  the  two  ventricles  is  exactly  equal.  If,  indeed,  the 
capacity  of  the  lesser  circulation  were  constant,  the  quantity 
driven  out  at  one  systole  by  the  right  ventricle  would  be  the 
same  as  that  ejected  at  the  next  by  the  left  ventricle.  But  it 
isbown  that  the  capacity  of  the  pulmonary  vessels  is  altered 
b)'  the  movements  of  respiration  and  probably  in  other 
■  ways,  so  that  it  is  only  on  the  average  of  a  number  of  beats 
that  the  output  of  the  two  ventricles  can  be  supposed 
equal. 

The  time   required  by  a  given   small   portion   of  blood, 

H-  by  a  single  blood-corpuscle,  to  complete  the  round  of 

tile  lesser  circulation,  is  much  less  than  the  average  time 

Deeded  to  complete  the  systemic  circulation.     In  the  rabbit 

the  ratio  is  probably  about  i  :  5.     Since  alt  the  blood  in  a 

vascular  tract  must  pass  out  of  it  in  a  period  equal  to  the 

circulation  time,  the  average  quantity  of  blood  in  the  lungs 

and  right  heart  of  a  rabbit  must  be  about  one-fifth  of  that 

in  the  s^-stemic  vessels.     On  the  assumption  that  the  same 

proportion  holds  for  a  man,  not  less  than  three-quarters  of 

a  kilo  out  of  the  five  kilos  of  blood  in  a  seventy  kilo  man 

most  be  contained  in  the  lesser  circulation,  and  four  kilos 

and  a  quarter  in  the  greater.     This  corresponds  sufficiently 

well  with  calculations  from  other  data. 

For  example^  the  average  weight  of  the  lungs  in  three 
persons,  executed  by  beheading,  was  457  grm.  (Gluge).  The 
average  weight  of  the  lungs  in  a  great  number  of  persons 
*ho  had  died  a  natural  death  was  1024  grm.  (Juncker), 
The  weight  of  the  pulmonary  tissue  alone  in  the  first  set  of 
cases  most  be  less  than  457  grm.,  for  the  lungs  of  a  person 
who  has  bled  to  death  are  never  bloodless.  In  a  dog  killed 
by  bleeding  from  the  carotid  one-quarter  of  the  weight  of 
the  lungs  consisted  of  blood.  Assuming  the  same  pro- 
portion for  the  decapitated  individuals,  we  get  343  grm.  as 
the  net  weight  of  the  blood-free  lungs.  Deducting  this 
from  1024  grm.,  we  arrive  at  681  grm.  as  the  average 
quantity  of  blood  in  the  lungs.     Adding  to  this  the  quantity 
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in  the  right  side  of  the  heart  (p.  io6),  we  get,  in  round 
numbers,  750  grm.  as  the  amount  in  the  lesser  circulation. 
It  is  true  that  in  the  living  body  the  conditions  are  not  the 
same  as  after  death  ;  but  it  is  probable  that  in  a  large 
number  of  cases  taken  at  random  the  differences  would  be 
approximately  equalised.  At  any  rate,  it  is  interesting  that 
from  data  so  different  we  should  reach  results  so  accordant. 

It  has  been  further  calculated — but  here  the  data  are 
much  less  certain  —  that  the  total  area  of  the  alveolar 
surface  of  the  lungs  of  a  man  is  200  square  metres,  of 
which  150  square  metres  are  occupied  by  capillaries.  The 
average  thickness  of  this  immense  sheet  of  blood  has  been 
reckoned  to  be  equal  to  the  diameter  of  a  red  blood-cor- 
puscle, or,  say,  7"5/i.  This  would  give  1,125  c.c.  as  the 
quantity  of  blood  in  the  lungs,  which  is  doubtless  somewhat 
too  high  an  estimate. 

If  we  take  the  total  circulation  time  as  75  seconds  (p.  105)^ 

~ =  240  kilos  of  blood  will  pass  through  the  lungs 

in  an  hour,  or  5,760  kilos  (say,  5,000  litres)  in  twenty-four 
hours.  This  would  fill  a  cubical  tank  in  which  the  ma& 
could  just  stand  upright  with  the  lid  closed. 


Mechanical  Phenomena  of  Respiration. 

The  tangs  are  enclosed  in  an  air-tight  box,  the  thorax  ;  or 
it  may  be  said  with  equal  truth  that  they  form  part  of 
the  wall  of  the  thoracic  cavity,  and  the  part  which  has  by 
far  the  greatest  capacity  of  adjustment.  The  alveolar 
surface  of  the  lungs  is  in  contact  with  the  air ;  the  space 
enclosed  between  their  pleural  surface,  the  diaphragm  and 
the  walls  of  the  chest  is  the  thoracic  cavity.  This  is  sub- 
divided into  two  lateral  (pleural)  sacs  and  a  mesial  space 
(the  mediastinum),  which  is  partially  hlled  up  by  the  heart 
and  great  bloodvessels.  The  external  surface  of  the  chest- 
wall  and  the  alveolar  surface  of  the  lungs  are  subjected  to 
the  pressure  of  the  atmosphere,  to  which  the  pressure  in  the 
thoracic  cavity  (intra-thoracic  pressure)  would  be  exactly 
equal  if  its  boundaries  were  perfectly  yielding.      But   in 
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reality  the  intra-thoracic  pressure  is  always  normally  some- 
thing less  than  this.  For  even  the  lungs,  the  least  rigid  part 
of  the  boundary,  oppose  a  certain  resistance  to  distension, 
and  so  hold  off,  as  it  were,  from  the  thoracic  cavity  a  portion 
of  the  alveolar  pressure  ;  and  in  any  given  position  of  the 
chest  the  intra-thoracic  pressure  is  equal  to  the  atmospheric 
pressure  mimts  this  elastic  tension  of  the  lungs. 

Since  the  lungs  are  very  distensible,  and,  further,  since 
blood  can  pass  more  freely  into  the  chest  when  the  pressure 
in  it  is  reduced,  there  cannot  in  any  [jositlon  of  the  chest- 
walls  exist  an  actual  thoracic  cavity.  Wherever  such  a 
avity  would  tend  to  form  the  lungs  are  pressed  in  and  fill 
■p  every  space ;  and  this  goes  on  until  the  intra-thoracic 
pressarc.  plus  the  elastic  tension  of  the  lungs,  is  equal  to  the 
pressure  of  the  air  in  the  pulmonary  alveolL  Whenever, 
ihcrefore,  the  movements  of  the  chest-walls  tend  to  diminish 
thf  intra-thoracic  pressure,  and  to  increase  the  capacity  of 

T  is  A  batik  from  which  ihe 
^■oftom  has  been  rfmovcd  ;  I* 
.t  flexible  and  elastic  ni<rmbnoc 
lied  on  the  botlk.  and  capable 
of  being  puUed  oat  bjr  the 
striog  S  so  u  10  increase  ihc 
capacity  of  the  bottle.  L  is  a 
this  cU»lic  bag  represenliag 
tbe  lungs.  It  communicates 
with  Ihe  external  air  by  a  glau 
tube  fitted  alnlght  throagh  a 
fork  in  the  Dfck  of  the  bottle. 
When  D  is  drawn  down,  the 
prrasure  of  the  eiiemal  air 
caiues  L  to  cxpnod-  When  Uie 
stnng  is  let  go,  L  contracts 
a^ain.  in  rtrtue  of  its  elaatldly. 

TKL  60.— 5c»eJ<K    10   iLltSlkATE  TIIK   MOVSMKWTS  OP   THE   Lt;N05   IM   THK 
CnUfT  (aFTKJt  ROTItEXFUltDL 

the  thoracic  cavity,  the  lungs  must  be  distended,  and  air 
must  enter  thera.  Whenever  the  movements  of  the  chest- 
waUs  tend  to  increase  the  intra-thoracic  pressure,  and  to 
diminish  the  capacity  of  the  thoracic  cavity,  the  lungs,  thanks 
to  their  elasticity,  contract  so  as  still  exactly  to  fill  up  the 
available  space,  and  air  is  forced  out  of  them.  In  inspiration 
the  first  happens,  in  expiration  the  second. 

In  lupufttUm  the  capacity  of  the  chest  is  increased  (i)  by 
the  amtrmtUm  of  ike  diaphragm,  which  doses  it  below,     lo 
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the  state  of  relaxation  this  muscle  forms  a  sort  of  flat  dome 
with  the  con%'exity  upwards.  It  is  composed  of  a  central 
tendon  with  a  ring  of  muscle  round  it.  When  the  muscular 
fibres  contract  the  whole  diaphragm  is  somewhat  flattened, 
and,  especially  at  the  position  of  the  muscular  ring,  a  wedge- 
shaped  depression  is  formed.  In  this  way  the  vertical 
diameter  of  the  thorax  is  lengthened,  and  the  lungs,  keeping 
always  in  contact  with  the  diaphragm,  are  elongated.  The 
apex  of  the  lung  probably  moves  very  slightly,  or  not  at  all. 

(2)  The  ribs  and  the  lower  part  of  the  sternum  are 
elevated.  The  elevation  of  the  ribs  is  caused  (a)  by  the 
levatores  costarum  muscles,  which  pass  from  them  to  the 
transverse  processes  of  the  vertebrae  above ;  (6)  by  the 
external  intercostal  muscles,  which  fill  up  the  space  between 
adjacent  ribs  from  the  necks  to  the  junction  of  the  bony  ribs 
with  the  costal  cartilages;  and  (c)  by  the  inter-cartilaginous 
part,  at  leasts  and  possibly  by  the  whole,  of  the  internal 
intercostals. 

The  scalene  muscles  may  be  felt  to  be  tense  in  a  lean 
person  during  inspiration.  Their  function  is  to  fix  the  first 
and  second  ribs  (scalenus  anticus  and  medius,  the  first; 
scalenus  posticus,  the  second  rib),  and  so  to  afford  a  fixed 
line  for  the  intercostals  to  work  from  on  the  lower  ribs. 

Since  the  ribs  slant  downwards  and  forwards,  they  raise 
the  sternum  when  they  are  elevated,  and  am  increase  in  the 
antero-posterior  diameter  of  the  chest  takes  place.  This  is 
favoured  by  the  fact  that  the  length  of  the  ribs  increases 
from  above  downwards  from  the  first  to  the  eighth.  There 
is  a  certain  amount  of  twisting  of  the  ribs  during  their 
elevation,  so  that  the  lower  edge  is  directed  more  to  the 
side  than  before ;  and  this,  along  with  their  change  of 
position,  causes  an  increase  in  the  lateral  diameter  of  the 
chest. 

In  normal  expiratioii  no  muscles  are  called  into  action. 
The  muscles  which  have  brought  the  chest-wall  into  the 
inspiratory  position  cease  to  contract,  and,  in  virtue  of  their 
elasticity  and  weight,  the  walls  of  the  chest  and  the  dia- 
phragm return  to  their  old  position.  The  elasticity  of  the 
lungs  comes  also  into  play,  and  they  shrink  until  their  tension 
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iseqqal  to  the  difference  between  the  atmospheric  and  the 
intra- thoracic  pressure, 

la  forced  inspiration  all  the  muscles  which  can  elevate 
the  ribs  may  be  thrown  into  contraction,  as  well  as  other 
muscles  which  give  these  fixed  points  to  act  from.  Daring 
'L  parox}*sm  of  asthma,  for  example,  the  patient  may  grasp 
the  back  of  a  chair  with  his  hands,  so  as  to  fix  the  arms 
and  shoaldcrs  and  allow  the  pectoral  and  serratus  magnus 
lu  raise  the  ribs.  Similariy  in  forced  expiration  all  the 
muscles  are  used  which  can  depress  the  ribs,  or  increase 
the  mtxa-abdominal  pressure  and  push  up  the  diaphragm. 

Even  in  ordinary  respiration  the  larynx  moves,  rising  in 
expiration  and  sinking  in  inspiration.  In  forced  breathing 
the  glottis  widens  with  each  inspiration,  particularly  its 
posterior  portion  (glottis  respiratoria).  The  alae  nasi  also 
move  in  forced  respiration,  and  in  some  people  in  ordinary 
breathing. 

Hitherto  we  have  always  spoken  of  the  pressure  of  the 
air  in  the  lungs,  the  intra-alveolar  pressure,  as  being  that  of 
the  atmosphere.  This  is  only  strictly  the  case  when  the 
chest-walls,  and  therefore  the  lungs,  have  ceased  to  move. 
While  expansion  is  going  on,  the  intra-alveolar  pressure 
(and  the  pressure  in  the  air-passages  generally)  is  less  than 
that  of  the  atmosphere  ;  while  contraction  is  going  on,  it  is 
more.  In  both  cases  the  farther  a  point  is  from  the  external 
air.  the  greater  is  the  difference. 

By  percussing  the  chest,  and  marking  the  limits  of  the 
lungs  in  the  expirator>'  and  inspiratory  position,  it  may  be 
demonstrated  in  the  human  subject  that  in  inspiration  the 
lungs  enlarge  from  above  downwards,  and  also  from  side  to 
side,  the  inner  edges  moving  nearer  to  the  middle  line,  and 
more  of  the  left  lung  coming  between  the  heart  and  the 
anterior  waW  of  the  chest. 

By  means  of  auscultation — that  is.  listening  over  the  chest 
either  directly  with  the  ear,  or,  much  belter,  with  a  stetho- 
scope— changes  in  the  lungs  or  bronchi  may  be  recognised 
and  localized.  The  sound  given  over  the  whole  of  the 
general  substance  of  the  lung  in  the  normal  state  is  the 
so-called  vgsicular  sound,  a  soft  breezy  murmur,  which  has 
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been  compared  to  the  rustling  of  the  wind  through  distant 
trees.  It  is  only  heard  in  health  during  inspiration,  and 
the  very  beginning  of  expiratioOj  and  is  louder  in  children 
than  in  adults. 

Around  the  larger  bronchi  and  the  trachea  a  blowing  sound 
is  heard.  Normally  this  is  not  recognised  over  the  greater 
portion  of  the  lung,  but  in  certain  diseases  in  which  the 
alveoli  are  filled  up  with  exudation,  this  bronchial  or  tubular 
breathing  may  be  heard  over  a  large  area,  the  vesicular 
sound  being  now  suppressed,  and  the  bronchial  sound  being 
better  conducted  by  the  consolidated  tissue  than  by  the 
portions  of  the  lung  that  still  contain  air. 


^ 


PlO.   61.— SCHCMt  or  TaMBOL'R    {BROMOGESSr^)  FOB     RECORDING   RkSPIRATDRT 

MuVlLiltMTS. 

C,  a  metal  cspttile  connected  airtight  with  B,  A,  two  caoutchouc  metnbnnes,  tS' 
chnmber  formed  by  which  can  be  infUteH  by  meani  of  the  lube  nod  stopcock  E.  The 
lube  D  connects  the  space  H  with  n  rcgistc'rinir  tambour  profidcd  widi  a  lever.  The 
membrane  A  is  applied  10  the  citrst,  round  which  the  inrxtenslhlc  strines  F  ore  tied. 
At  every  expansion  or  the  chest  the  pressure  in  H  is  increosedt  and  Ibe  iocreueof 
prrsiare  is  imnsmitted  to  the  rcKisterinc  tambour. 

The  mechanical  changes  which  occur  in  respiration  may 
be  studied  : 

(i)  By  registering  the  movements  of  a  single  point,  or  the 
variations  in  a  single  circumference,  of  the  boundary  of  the 
thoracic  cavity.  In  animals  a  graphic  record  of  the  move- 
ments of  a  point  of  the  diaphragm  may  be  obtained  by 
placing  the  end  of  a  lever  between  its  lower  surface  and  the 
liver,  through  an  incision  in  the  abdominal  wall  (Kronecker). 
In  man  changes  in  the  circumference  of  the  chest  at  any 
level  can  be  recorded  by  means  of  a  tambour  so  adjusted 
that  expansion  of  the  chest  increases  the  pressure  of  the  air 
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10  the  tambour.  This  tambour  is  connected  with  another 
(recording  tambour)  provided  with  a  writing^  lever  (Marey*s 
pDcamograph^  Sanderson's  stethometer,  I3rondgeest's  pan- 
spbygmograph).      (Fig.  61.) 

(2)  By  recording  the  changes  of  pressure  produced  in  the 
air-passapes  by  the  respiratory  movements-  This  can  be 
done  by  connecting  a  cannula  in  the  trachea  of  an  animal 
vriih  a  recording  tambour  in  the  manner  described  in  the 
Practical  Exercises,  p.  230.  The  changes  of  pressure  may 
be  measured  by  connecting  a  manometer  with  the  trachea, 
or  in  man  with  the  nostril. 

{3)  By  recording  the  changes  of  pressure  which  occur  in 
lie  thoracic  cavity  during  respiration. 


1  IG.    6x 

Tbtvppcr  tracing  is  a  record  of  (!ie  respiraionr  nioveincnrt  lo  a  rnbbit,  tnken  with 

Xnwcfcer's  V*cf  betwcco   ihc  dia|»hrajni  and  Wttt.     The  lower  curve  is  n  blood- 

muKR  tnang  »ho«iog  lari;^  o«cill.iiions  ilikf  Traube-Hrring  wav«i).    R.  cvpintioa  : 

^^^  iBsplmtioo.     Time  trace,  «FConds.    The  nninuU  was  under  the  influeocc  or  getscmin. 

^B  When  the  respiratory  movements  are  studied  in  any  of 
^Bese  ways  it  is  found  that  there  is  practically  no  pause 
between  the  end  of  inspiration  and  the  beginning  of  expira- 
alion,  and  that  expiration  takes  somewhat  longer  time  than 
inspiration,  the  ratio  varying  from  7  : 6  to  j  :  2,  according  to 
age,  sex,  and  other  circumstances. 
The  firequency  of  reipiration  is  by  no  means  constant  even 
health.  The  mere  thinking  about  it  will  modify  it. 
the  adalt   15  to  20   respirations   per   minute   may  be 
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taken  as  about  the  normal.  In  young  children  the  frequency 
may  be  twice  as  great  (new-born  child,  40  to  50 ;  child 
from  I  to  5  years  old,  20  to  30  per  minute).  It  is  greater  in 
a  female  than  in  a  male  of  the  same  age.  A  rise  of  temper- 
ature increases  it,  and  this  is  probably  one  of  the  causes 
of  the  increased  rate  of  respiration  in  fever;  150  respirations 
per  minute  have  been  seen  in  a  dog  with  a  high  temperature. 
Sudden  cooling  of  the  skin,  exercise,  and  various  emotional 
states  increase  the  rate,  and  sleep  diminishes  it.  The  will 
can  alter  the  frequency  and  depth  of  respiration  for  a  time, 
and  even  stop  it  altogether,  but  in  about  a  minute  the  desire 
to  breathe  becomes  imperative.  Cato's  assertion  that  he 
could  kill  himself  at  any  time  '  merely  by  holding  his  breath, 
is  only  a  proof  that  he  was  a  better  philosopher  than 
physiologist.  In  animals  the  rate  can  be  greatly  affected  by 
section  and  stimulation  of  certain  nerves ;  but  to  this  we 
shall  return  when  we  come  to  consider  the  general  subject 
of  the  influence  of  nerves  on  respiration. 

Many  drugs  affect  the  respiration  ;  for  instance,  pituri  and 
nicotin  cause,  in  various  animals,  a  quickening  and  deepening 
at  first,  followed,  if  the  dose  has  been  large,  by  slowing  and 
ultimate  cessation. 

There  is  generally  a  fairly  constant  ratio  (i  to  4  or  i  to  5 
in  man)  between  the  frequency  of  respiration  and  the  rate  of 
the  heart. 

Types  of  Eespiration. — Although  increase  in  the  capacity  of 
the  thorax  is  essential  for  inspiration,  this  is  not  brought 
about  in  all  mammals,  nor  even  in  women  and  men,  in  the 
same  way. 

The  rabbit,  in  its  normal  breathing,  uses  only  the  dia- 
phragm in  inspiration,  and  the  same  muscle,  along  with 
some  of  the  muscles  of  the  abdominal  wall  (external  oblique), 
in  expiration.  The  ribs  remain  at  rest.  This  is  a  perfect 
type  o(  diaphragmatic  or  abdominal  breathing. 

Women  use  the  ribs  more  than  the  diaphragm.  They 
have,  therefore,  the  costal  or  thoracic  type  of  respiration, 
while  men  incline  more  to  the  abdominal  type.  In  ab- 
dominal respiration  the  movements  of  inspiration  commence 
le  diaphragm,  and  spread  to  the  lower  ribs  and  the 
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Hbvrest  portion  of  the  sternum.     In  costal  respiration  the 
ujrpcT  ribs  begin  the  movement,  and  are  followed  by  the 
I       abdomen.     This  is  the  ordinary  mode  in  women  (Hutchin- 
'      3on). 

In  full  -  blooded  North  American  Indians  abdominal 
breathmfc  is  most  common  among  the  women,  and  the  same 
is  true  of  Chinese  women  (Mays  and  Kellogg,  quoted  by 
Sewall).  It  is,  therefore,  probable  that  the  predominance 
of  the  costal  type  among  the  women  of  European  races  is 
aot  connected  with  child-bearing,  but  with  dress. 

Id  forced  respiration,  when  the  need  for  air  is  urgent, 
costal  breathing  always  becomes  prominent,  for  by  eleva- 


I 


Flu,  63. 


.'K   SplkUMETER. 


el  filled  wiih  WKler.     B.  glass  cylinder  with  scale  C,  swudr  on  pulleys  and 
bMooterpabod  bjp  wei|ht«  W.      I),  tulK  for  UeAthtng  ihtough. 

(ion  of  the  ribs  the  capacity  of  the  chest  can  be  much  more 
enlarged  than  by  any  movements  of  the  diaphragm. 

The  total  quantity  of  air  expired,  or,  what  comes  to  the 
lame  thing,  the  alteration  in  the  capacity  of  the  chest  during 
expiration,  can  be  measured  by  means  of  a  spirometer,  which 
consists  of  an  inverted  graduated  glass  bell  dipping  by  its 
open  mouth  into  water  and  balanced  by  weights.  The 
vessel  is  sank  till  it  is  full  of  water,  the  air  being  allowed 
to  escape  by  a  cock.     The  expired  air  is  now  permitted  to 


»T» 


A  ATAyOAL  OF  PHYSIOLOGY. 


enter  it  through  a  tube,  and  displaces  some  of  the  water. 
The  spirometer  is  adjusted  so  that  the  level  of  the  ^^-ater 
inside  and  outside  is  the  same,  and  then  the  \olume  of  air 
contained  in  it  is  read  off.  This  gives  the  volume  of  the 
expired  air  at  atmospheric  pressure.  Similarly,  by  breathing 
air  from  the  spirometer  the  amount  inspired  can  be 
measured. 

About  500  ex.  of  air  are  taken  in  and  given  out  at  each 
respiration  in  quiet  breathing.  This  is  called  tidal  air.  It 
amounts  to  35  pounds  by  weight  in  24  hours,  or  enough  to  fill, 
at  atmospheric  pressure,  a  cubical  box  with  a  side  of  8  feet. 
With  the  deepest  possible  inspiration  2,000  c.c.  more  can  be 
taken  in ;  this  is  called  oomplemental  air.  By  a  forced  expira- 
tion 1,500  c.c.  can  be  expelled  besides  the  tidal  air;  and  to 
this  quantity  the  name  of  supplemental  or  reserve  air  has  been 
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given.  After  the  deepest  expiration  there  always  remain 
about  700  or  800  c.c.  of  air  in  the  lungs,  and  this  is  called 
the  reiidual  air.  After  a  normal  expiration  following  a 
normal  inspiration  there  remains  in  the  lungs  stationary  air 
to  the  amount  of  about  2,500  c.c. 

The  residual  air  may  be  measured  by  causing  a  person,  starring 
immediately  after  the  deepest  possible  expiration,  to  breathe  out  and 
in  several  times  into  a  vessel  {i\  spirometer)  filled  with  hydrogen,  till 
it  can  be  assumed  that  the  hydrogen  and  the  residue  of  air  in  the 
lungs  have  been  completely  mixed  Knowing  the  quantity  of 
hydrogen  originally  contained  in  the  vessel,  we  can  calculate  from 
the  percentage  at  the  end  of  the  experiment  the  quantity  of  air  with 
which  it  has  been  mixed,  that  is,  the  residual  air  (Davy). 

Let  V  be  the  quantity  of  hydrogen  in  the  spirometer  at  first,  and 
/  the  percentage  amount  in  it  at  the  end  of  the  experiment.  Let  x 
be  the  volume  of  residual  air  in  the  lungs  at  the  beginning. 
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Then,  since  the  quantity  of  hydrogen  remains  unchanged  after  the 

mixture,  ^    (x+V)  =  V, 

loo 

-   ^^V(ioo^/) 

P 
Suppose         V  «  4.000  c.c, 

and  /  =  85  per  cent, 

_   —  12,000      .      ,    ■ 

wcgei  x=     ^       =  about  705  c.c. 

But  some  caibonic  acid  would  be  given  off  by  the  lungs,  and  some 
oxygen,  and  perhaps  hydrogen,  absorbed,  during  the  experiment,  and 
ihcrcfore  slight  rorrcciions  mrght  have  to  be  made. 

The  {Of^irnt  tyf  vtntiiation,  that  is,  the  ratio  of  the  quantity  of  air 
uken  in  at  each  inspiration  10  the  quantity  already  in  the  lungs,  has 
been  esumated  at  about  \  or  \. 

The  term  vital  or  respiratory  capacity  is  applied  to  the 
(jaantily  of  air  which  can  be  expelled  by  the  dt^epest  expira- 
tion following  the  deepest  inspiration,  and  amounts  in  an 
adult  of  average  height  to  3.500  or  4,000  cc.  The 
maxitnunri  quantity  of  air  which  the  lungs  can  contain  is 
evidently  equal  to  vital  capacity  plus  residual  air.  At  one 
time  the  vital  capacity  was  thought  to  be  capable  of 
affording  valuable  information  in  the  diagnosis  of  chest 
disease;  bat  little  stress  is  now  laid  upon  it,  as  it  varies 
from  so  iTiany  causes.  It  is  greater  in  mountaineers  than 
in  the  inhabitants  of  lowland  plains. 

It  is  evident  from  the  figures  we  have  given  that  in 
ordinary  breathing  only  a  small  proportion  of  the  air  in 
the  lungs  comes  in  direct  at  each  inspiration  from  the 
atmosphere,  and  only  a  small  proportion  escapes  into  the 
atmosphere  at  each  expiration.  The  greater  part  of  the  air 
in  the  lungs  is  simply  moved  a  little  farther  from  the  upper 
respiratory  passages,  or  a  little  nearer  them  ;  and  fresh 
oxygen  reaches  the  alveoli,  as  carbonic  acid  leaves  them, 
mainly  by  diffusion,  aided  by  convection  currents  due  to 
inequalities  of  temperature,  and  to  the  churning  which  the 
alternate  expansion  and  shrinking  of  the  lungs,  and  the 
pulsations  of  their  arteries,  must  produce.  But  that  some 
of  the  tidal  air  strikes  right  down  to  the  alveoli,  is  evident 
enough.  For  the  respiratory  '  dead  space  '—that  is,  the 
capacity  of  the  upper  air  passages  and  the  bronchial  tre 
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down  to  the  infundibula — is  only  140  cc,  or  one-third  of 
amount  of  the  tidal  air.     (Zuntz,  Loewy.)     The  immense 
extent  of  the  pulmonary  surface,  and  the  extreme  thinness 
of  the  layer  of  blood  in  the  capillaries  of  the  lungs,  facilitate 
the  interchange  between  the  gases  of  the  blood  and  the  gase&^ 
of  the  alveoli.  ^ 

Respiratory  Preasure. — As  we  have  already  remarked,  the 
pressure  in  the  alveoli  and  air  passages  is  less  than  that  of 
the  atmosphere  while  the  inspiratory  movement  is  going 
on,  greater  than  that  of  the  atmosphere  during  the  expira- 
tory movement,  and  equal  to  that  of  the  atmosphere  when  the 
chest-walls  are  at  rest.  When  the  external  air-passages  are 
closed,  c.g.j  by  connecting  a  manometer  with  the  mouth 
and  pinching  the  nostrils,  or  with  one  nostril,  the  other  and 
the  mouth  being  closed,  the  greatest  possible  variations  of 
pressure  are  produced.  In  the  deepest  inspiration  under 
these  conditions  a  negative  pressure  of  about  75  mm.  of 
Hg  («.£■.,  a  pressure  less  than  that  of  the  atmosphere  by  this 
amount)  has  been  found,  and  in  deep  expiration  a  positive 
pressure  of  100  mm.  of  Hg  {i.e.^  a  pressure  greater  than 
that  of  the  atmosphere  by  this  amount).     (Donders.) 

But  with  ordinary  respiratory  movements,  the  variations 
of  pressure  as  measured  by  this  method  do  not  exceed  5  to 
10  mm.  of  Hg  above  or  below  the  pressure  of  the  atmosphere. 

When  the  external  openings  are  not  obstructed,  as,  for 
example,  when  the  lateral  pressure  is  taken  in  the  trachea 
of  an  animal  by  means  of  a  cannula  with  a  side  tube  con- 
nected with  a  manometer,  still  smaller  values  have  been 
found  (2-3  mm.  of  Hg  as  the  positive  expiratory  pressure, 
and  1  mm.  as  the  negative  inspiratory  pressure  in  dogs).  But 
since  the  respiratory  passages  are  abruptly  narrowed  at  the 
glottis,  the  variations  of  pressure  must  be  much  greater 
below  than  above  it. 

IntrflrThoracic  Pressure. — This  is  the  pressure  in  the  cavity 
of  the  chest — ^in  the  pleural  sacs,  for  instance,  or  within  the 
pericardium.  It  has  been  measured,  in  animals,  by  attach- 
ing a  trocar,  pushed  through  the  pericardium,  or  a  tube 
passed  into  the  oesophagus,  with  a  manometer.  ^| 

la  the  deepest  expiration  the  lungs  are  never  completely 
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oolUpsed  ;  their  elastic  fibres  are  still  stretched ;  and  the 
^tension  of  these  acts  in  the  opposite  direction  to  the  external 
nospheric    pressure,   and  diminishes   by  its    amount    the 
tssure  inside   the   thoracic   cavity.      In   the   dead   body 
[DoDclers  measured  the  value  of  this  tension,  and  therefore 
[of  the  negative  pressure  of  the  thorax,  by  tying^  a  mano- 
f »«er  into  the  trachea,  and  then  causing  the  lungs  to  collapse 
b)-  opening  the  chest.     It  varied   from  7*5  mm.  of  Hg  in 
the  expiratory  position  to  9  mm.  in  the  inspiratory.     With 
deep  inspiration  in  the  living  rabbit  it   may  amount,  how- 
ever, to  20  mm.  of  Hg  (RosenthaJ),  and  in  man  to  as  much 
as  30  mm. 

The  reason  why  the  lungs  collapse  when  the  chest  is 
opened  is  that  the  pressure  is  now  equal  on  the  pleural  and 
^alveolar  surfaces,  being  in  both  cases  that  of  the  atmosphere, 
here  is  therefore  nothing  to  oppose  the  elasticity  of  the 
lungs,  which  tends  to  contract  them.  So  long  as  the  chest 
is  unopened  the  pressure  on  the  pleural  surface  of  the  lungs 
isiessthan  that  on  the  alveolar  surface,  and  the  elastic  tension 
can  only  cause  them  to  shrink  until  it  just  balances  this 
difference. 

In  intra-uterine  life,  and  in  stillborn  children  who  have 
sever  breathed,  the  lungs  are  completely  collapsed  (atelectic), 
aod  there  is  no  negative  intra-thoracic  pressure.  They  are 
kept  in  this  condition  by  adhesion  of  the  walls  of  the 
bronchioles  and  alveoli.  If  the  lungs  have  been  once 
inBated,  this  adhesion  ceases  to  act,  and  they  never  com- 
pletely collapse  again. 

Relation  of  Respiration  to  the  Kervous  System. — The  respira- 
tory movements  are  entirely  dependent  on  the  nervous 
s^em ;  and  the  'centre'  which  presides  over  them  is 
ntoated  in  the  spinal  bulb.  It  is  a  bilateral  centre — that  is, 
*%  has  two  functionally  symmetrical  halves,  one  on  each  side 
of  the  middle  line  ;  and  each  of  these  halves  seems  to  have 
to  do  more  particularly  with  the  respiratory  muscles  of  its 
own  side,  for  destruction  of  one-half  of  the  spinal  bulb  causes 
paralysis  of  respiration  only  on  that  side.  Anatomically  the 
respiratory  centre  has  not  been  sharply  localized ;  but  it 
lies  higher  than  the  vaso-motor  centre.     It  is  brought  into 
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relation  with  the  muscles  of  respiration  by  efferent  nerves. 
The  phrenic  nerves  to  the  diaphragm,  and  the  intercostal 
nerves  to  the  muscles  which  elevate  the  ribs,  are  the  most 
important  of  those  concerned  in  ordinarj-  breathing.  It  is 
further  related  to  afferent  nerves,  of  which  the  most  in- 
flucntial  is  the  vagus  (particularly  its  pulmonary  hbres),  with 
its  superior  laryngeal  branch.  But  almost  any  afferent 
nerve  may  powerfully  affect  the  respiratory  centre ;  and  it 
is  also  influenced  by  Bbres  passing  to  it  from  the  higher 
parts  of  the  central  nervous  system. 

Section  of  the  spinal  cord  in  animals  above  the  origin  of 
the  phrenic  nerves  causes  complete  paralysis  of  respiration 
and  consequent  death  ;  and  in  man  fracture  of  any  of  the 
four  upper  cervical  vertebrae  is,  as  a  rule,  instantly  fatal 
But  in  one  case  respiration  was  carried  on,  and  life  main- 
tained for  thirty  minutes,  merely  by  the  contraction  of  the 
muscles  of  the  neck  and  shoulders  in  a  man  entirely  para- 
lysed below  this  level  (Bell).  Section  of  the  cord  just  below 
the  origin  of  the  phrenics  leaves  the  diaphragm  working, 
although  the  other  respiratory  muscles  are  paralyzed.  A 
case  has  been  recorded  of  a  man  in  whom,  from  disease  of 
the  spine  in  the  lower  cervical  region,  all  the  ribs  became 
completely  immovable.  He  was  able  to  lead  an  active  life, 
and  to  carry  on  his  business,  although  he  breathed  entirely 
by  his  diaphragm  and  abdominal  muscles  (Hilton). 

Section  of  both  phrenics  paralyzes  the  diaphragm,  but 
respiration  still  goes  on  by  means  of  the  muscles  which  act 
upon  the  ribs.  The  phrenic  nuclei  in  the  two  halves  of  the 
cord  are  connected  across  the  middle  line.  For  when  a 
hemisection  of  the  cord  is  made  between  this  level  and  the 
respiratory  centre  in  the  medulla  respiratory  impulses  are 
still  able  to  reach  both  phrenic  nerves.  In  some  animals 
both  halves  of  the  diaphragm  go  on  contracting.  But 
when,  as  usually  happens,  this  is  not  the  case,  and  the 
diaphragm  on  the  side  of  the  hemisection  has  ceased  to 
act,  it  at  once  begins  to  contract  again  when  the  opposite 
phrenic  nerve  is  cut,  and  the  respiratory  impulse,  descending 
from  the  bulb,  is  blocked  out  from  the  direct,  and  forced  to 
follow  the  crossed  path.     It  has  been  shown  that  the  cross- 
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ing  takes  place  at  the   level  of  the  phrenic   nuclei,   and 

nowhere  else  (Porter). 

When  one  vagus  is  divided  there  is  little  or  no  change  in 

the  respiratory  movements.     Half  an  inch   of  one   vagus 

nerve  has  been  excised  in  removing  a  tumour,  and  the 
patient  showed  no  symptoms  whatever  (Billroth).  But 
section  of  both  va^i  generally  (not  invariably)  causes  re- 
spiration to  become  for  a  time  much  deeper  and  slower,  the 
one  change  just  compensating  the  other,  so  that  the  total 
amount  of  air  taken  in  and  given  out,  and  the  amount  of 
Ofboaic  acid  eliminated,  are  not  altered.  Gad  has  shown 
thil  the  effect  is  really  due  to  the  loss  of  impulses  that 
Dormaily  ascend  the  vagi,  not  to  any  irritation  of  the  cut 
ends.  For  a  ner\'e  can  be  frozen  without  exciting  it ;  and 
when  a  portion  of  each  vagus  is  frozen  the  respiration  is 
affected  in  precisely  the  same  way  as  when  the  nerves 
are  divided. 
A  similar  change  follows  the  blocking  of  the  paths  connect- 
Dgthe  respirator)'  centre  with  the  brain  above,  by  injection 
paraflxn  wax  into  the  common  or  internal  carotid.  The 
bloodvessels  supplying  the  nerve-fibres  which  connect  the 
rtspirato^^■  centre  with  the  brain  may  in  this  way  be  closed 
by  artificial  emboh.  The  nerves  lose  their  function,  as  if 
they  had  been  cut ;  no  impulses  now  reach  the  respirator^' 
Centre  from  above ;  and  the  respiration  becomes  markedly 
slowed  and  deepened,  just  as  happens  when  the  vagi  are 
divided.  Where  only  the  vagus  or  these  '  higher  paths,'  but 
m.  both,  are  cut  off,  the  respiration  remains  regular,  although 
deep,  and  in  course  of  time  tends  to  resume  its  original 
type.  But  when  both  paths  are  cut,  the  character  of  the 
respiration  is  entirely  changed  ;  periods  of  rapid  and  spas- 
modic breathing  alternate  with  periods  of  complete  cessation, 
till  the  animal  dies  (Marckwald). 

From  these  facts  it  appears  that  the  periodic  automatic 
discharges  of  the  respirator)'  centre  are  being  continually 
cootrolled  and  modified  by  impulses  passing  up  the  vagus  or 
down  from  the  brain,  but  especially  up  the  vagus.  When 
»gus  is  severed  the  control  of  the  higher  paths  becomes 
complete,  and  is  sufhcient  still  to  keep  the  breathing 
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regular.  When  the  higher  paths  are  cut  off,  the  vagus  of 
itself  is  able  to  regulate  the  discharge.  But  when  both  are 
gone  the  respiratory  centre,  freed  from  control,  passes  into  a 
condition  of  alternate  spasm  and  exhaustion. 

The  continuous  excitation  of  the  regulating  vagus  fibres  is 
brought  about  either  by  mechanical  stimulation  of  the  ner\'e- 
endings  in  the  lungs,  due  to  the  alternate  stretching  and 
shrinking,  or  to  chemical  stimulation  depending  on  the  state 
of  the  blood.  Gentle  excitation  of  the  central  end  of  the 
cut  vagus  below  the  origin  of  the  superior  laryngeal  causes 
quickening  of  respiration  ;  stronger  stimulation  causes  arrest 
of  respiration  in  the  inspiratory  phase.     These  statements 
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A,  Dtrnnal ;  B,  rffiecl  of  ttinuiUlion  of  the  centrnl  md  of  tite  vans;  C,  effect  oC 
wctioD  of  both  vat;<-  (Tracing  taken  with  ariangenient  fhown  In  Fig.  8i.)  Tlme- 
iracing  marks  second). 

are  based  on  the  usual  effects  of  excitation  of  the  nerve 
with  induction  shocks.  But  the  result  seems  to  depend 
to  some  extent  on  the  nature  of  the  stimuli  used.  For 
chemical  stimulation  {c.^.^  with  a  solution  of  potassium 
chloride)  and  the  closure  of  an  ascending  voltaic  current 
(r'.tf.p  a  current  passing  towards  the  head  in  the  ner\e)  always 
brin;;;  about  slowing  of  the  respiratory  movements  or  expi- 
rator)'  standstill. 

Stimulation  of  the  central  end  of  the  cut  superior  laryn- 
geal, if  not  too  strong,  causes  slowing  of  the  respiration  ; 
if   strong,   arrest    of   respiration   in   expiratory   standstill. 
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The  same  effect  may  be  produced  by  stimulation  of  the 
va^s   traok   above   the  point    where   it   is  joined   by  the 
SQp}enor  larj-ngeal.     These   facts   may   be   readily  demon- 
strated by  opening  the  abdomen  in  a  rabbit,  and  observing 
\e  lungs  through  the  thin  diaphragm  (Gad).  They  have  been 
than  once  unintentionally  illustrated  on  man.     In  one 
the  left  vagus  trunk  was  included  in  a  ligature  with  the 
common  carotid.     The  respiratory  movements  immediately 
5topp»ed,   the  pulse  was  slowed,  and  death  occurred   in   30 
minutes   (Rouse).     The   superior    laryngeal   fibres   do   not 
appear  to  be  constantly  in  action,  as  section  of  both  nerves 
no  effect  on  respiration.     Any  source  of  irritation  in  the 
may  stimulate   these  fibres  and  produce   a   cough, 
may  be  also  caused  by  irritation  of  the  pulmonary 
'"  ■ "   ■  vagus.  ' 

..^  ^„.^neou3  nerves,  and  especially  those  of  the  face* 
ncrvcK  abdomen  and  chest,  have  a  marked  influence 
■  I  ration.  Cold  suddenly  applied  to  the  skin  gene- 
., .  lUt  not  always,  accelerates  the  respiratory  movements. 
The  respirator)-  centre  is  greatly  affected  by  the  quality 
tiie  blood  which  circulates  through  it.  It  is  stimulated 
blood  deficient  in  oxygen,  the  actual  stimulating  sub- 
□ce  being,  perhaps,  an  easily  oxidizable  body  which  rapidly 
iaappears  from  properly  oxygenated  blood  (PflUger).  That 
the  poorly  oxygenated  blood  acts  directly  on  the  spinal  bulb, 
is  supposed  to  be  shown  by  the  fact  that  want  of  oxygen 
still  produces  dyspncea  (p.  180)  when  the  brain  has  been  cut 
away  above  it,  the  cord  severed  below  the  origin  of  the 
phrenics,  and  all  nerves,  except  the  latter,  connected  with 
the  r^ion  between  the  two  planes  of  sections  divided.* 

The  common  doctrine,  that  excess  of  carbonic  acid  in  the 
blood  has  less  taffect  on  the  respiratory  centre  than  deficiency 
ai  oxygen,  is  not  in  accordance  with  the  recent  work  of 
Haldaae  and  Smith.  These  authors  believe  that  excess  of 
carbonic  acid  is  the  important  factor  in  the  production  of 
the  h>-perpncca  caused  by  breath  ing  air  vitiated  by  respiration. 

♦  TTie  conclusion  is  doubtless  correct,  but  this  experiment  is  not 
decisive.  For  the  phrenic  nerves  themselves  contain  afferent  fibres, 
il^omch  which  the  respiratory  centre  mi^kt  have  been  aflccied. 
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Be  this  as  it  may,  when  the  gaseous  interchange  from  any 
cause  becomes  insufficient,  the  respiratory  movements  are 
exaggerated,  and  ultimately  ever>'  muscle  which  can  directly 
or  indirectly  act  upon  the  chest-walls  is  called  into  play  in 
the  struggle  to  pass  more  air  into  and  out  of  the  lungs.  To 
a  lesser  and  greater  degree  of  this  exaggeration  of  breathing 
the  terms  Hyptrpnaa  and  Dyspnaa  have  been  respectively 
applied.  If  the  gaseous  interchange  remains  insufficient,  or 
is  altogether  prevented,  asphyxia  or  suffocation  sets  in. 
Sometimes  in  man  impending  asphyxia  from  loss  of 
function  by  a  part  of  the  lungs,  as  in  pneumonia,  may  be 
warded  off  by  inhalations  of  oxygen.  Increase  in  the  tem- 
perature of  the  blood  circulating  through  the  spinal  bulb,  as 
when  the  carotid  arteries  of  a  dog  are  laid  on  metal  boxes 
through  which  hot  water  is  kept  flowing,  also  causes 
dyspnoea  {heat-dyspnaa),  la  man  the  increased  temperature 
of  the  blood  in  fever  is  probably  connected  with  the  increase 
in  the  rate  of  respiration. 

The  physiological  opposite  of  dyspnoea  is  apnota.  This 
condition  may  be  produced  in  an  animal  by  rapid  artificial 
respiration.  For  some  seconds,  in  a  successful  experiment, 
after  the  artificial  respiration  is  stopped,  the  animal  remains 
without  breathing.  The  apnceic  state  seems  to  be  due 
partly  to  an  excess  of  oxygen  in  the  arterial  blood  or  in  the 
lungs,  partly  to  some  nervous  effect  produced  through  the  vagi 
on  the  respiratory  centre.  Possibly  the  pulmonary  nerve- 
endings  of  the  vagi  are  affected  mechanically  by  the  inflation ; 
for  rapid  and  repeated  inflation  of  the  lungs  with  hydrogen 
may  cause  apncea  (Traube).  The  venous  blood  in  apnoea  is, 
if  anything,  poorer  in  oxygen  than  normal  venous  blood. 

Although  the  chief  respiratory  centre  undoubtedly  lies  in 
the  medulla  oblongata,  it  appears  that  under  certain  condi- 
tions impulses  to  the  respiratory  muscles  may  originate  in 
the  spinal  cord.  Thus,  in  young  mammals  (kittens,  puppies). 
especially  when  the  excitability  of  the  cord  has  been  in- 
creased by  strychnia,  in  birds  and  in  alligators,  movements, 
apparently  respiratory,  have  been  seen  after  destruction  of 
the  brain  and  spinal  bulb. 

Effect  of  Chloroform  on  the  Respiratory  Centre. — The  cause 
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of  the  deaths  frorn  chloroform   which,  at   rare  intervals, 
startle  the  operating  theatre  of  every  great  hospital  where 
this  anssthetic  is  used,  has  been,  on  account  of  its  extreme 
practical  interest,  the  subject  of  prolonged  discussion  and 
experiment.      Is   it   the   heart   that   fails  ?      Or  is  it   the 
■  respiration  ?     The  answer  of  what  is  known  as  the  '  Edin- 
^burgh  School '   is   that    the    respiration    (in    physiological 
terms,  the   respiratory   centre)    is   always  hrst   paralysed. 
^Tbelr  golden   rule   of  doctrine  in   chloroform  administra- 
Wlion  is,  *  Watch  the   respiration ;    the  heart  will  take  care 
of  itself — a  rule  which,  however,  in  'Edinburgh'  practice 
Kdoes  not  exclude  careful  obser\'ation  of  the   pulse.     This 
B^ew,  having    the   merit    of    simplicity,   has    been    widely 
adopted.     It  has  been  lately  upheld  by  a  scienti6c  commis- 
sion appointed  by  the  Nizam  of  Hyderabad  for  the  special 
I  purpose  of  investigating  the  question  with  the  aid  of  modern 
Jihysiological  methods.     But  the  conclusions  of  the  Hydera- 
bad Commission,  valuable  as  they  are,  seem  to  have  been 
too  absolutely  drawn.     For  it  has  been  shown  by  a  number 
of  observers  (MacWilliam,  Gaskell  and    Shore,  etc.)  that 
chloroform   undoubtedly  may  paralyse  the   heart   without 
^^tttig  the  respiration,  and  further,  that  the  paralysis  of 
^^e  vaso-motor  centre,  and  the  consequent  withdrawal  of 
blood  from  the  heart  and  brain  to  the  dilated  splanchnic 
^arca,  may  be  an  important  factor  in  bringing  about  a  fatal 
^vcsolt  (p.  S6).     A  second  table  might  therefore  be  added  to 
^Hfef Edinburgh  law*:  'Watch  the  breathing;    watch   the 
^^^6.    If  the  heart  threatens  to  fail  for  want  of  blood,  fill  it 
l>y  raising  the  legs  and  compressing  the  abdomen/ 

Chiyne'Siokes*  Retpiraiion  is  the  name  given  to  a  peculiar 
type  of  breathing,  marked  by  pauses  of  many  seconds 
^lernating  with  groups  of  respirations.  In  each  group  the 
Movements  gradually  increase  to  a  maximum  amplitude,  and 
^  become  gradually  shallower  again,  till  they  cease  for 
lie  neat  |>ause.     The  cause  is  unknown.     The  phenomenon 

^DOt  peculiar  to  pathological  conditions,  although  it  often 
urs  in  certain  diseases  of  the  brain,  and  although  pressure 
the  spinal  bulb  may  produce  it.    But  it  is  also  seen,  more 
or  less  perfectly,  in  normal  sleep,  especially  in  children,  and 
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in  morphia  and  chloral  poisoning.  A  periodic  change  in  the 
activity  of  the  respiratory  centre,  corresponding  to  the 
change  in  the  vaso-motor  centre  which  is  credited  with  the 
production  of  Traube-Hering  oscillations  in  the  blood- 
pressure  (p.  136),  has  been  suggested  as  the  cause,  but  there 
is  no  certainty  as  to  this. 

In  frogs,  Cheyne-Stokes'  breathing  has  been  observed  as 
the  result  of  interference  with  the  circulation  in  the  spinal 
bulb,  'drowning/  or  ligature  of  the  aorta,  and  also  as  a  con- 
sequence of  removal  of  the  brain,  or  parts  of  it  {hemispheres 
and  optic  thalami)  (Langendorff,  Sherrington,  etc.)- 

Section  Pneumonia. — Alterations  in  the  rhythm  of  respira- 
tion are  not  the  only  effects  that  follow  division  of  both  vagi. 
In  certain  animals,  at  least,  this  operation  is  incompatible 
with  Ufe.  Changes  of  a  pneumonic  nature  are  set  up  in 
the  lungs,  and  death  occurs  after  an  interval  that  varies 
with  the  nature  of  the  animal.  In  the  rabbit,  as  a  rule,  life 
is  not  prolonged  for  more  than  twenty-four  hours  (p.  232). 
The  precise  significance  of  the  pulmonar>*  lesion  is  obscure. 
But  it  would  seem  that  paralysis  of  the  laryngeal  and 
oesophageal  muscles,  with  the  consequent  entrance  qf  food, 
foreign  bodies,  and  perhaps  bacteria,  into  the  lungs,  is  re- 
sponsible to  a  great  extent.  And  when  only  a  partial  palsy 
of  the  glottis  is  produced  by  dividing  the  right  vagus  l>elow 
the  origin  of  the  recurrent  laryngeal  and  the  left,  as  usual, 
in  the  neck,  pneumonia  does  not  occur.  It  is  impossible, 
however,  to  suppose  that  in  any  case  the  loss  of  two  such 
nerves  as  the  vagi,  which  supply  so  many  important  organs, 
should  not  of  itself  profoundly  affect  the  whole  animal 
economy. 

Peculiarly  modified,  but  more  or  less  normal  respiratory 
acts  are  coughing,  sneezing,  yawning,  sighing  and  hiccup. 

A  cough  is  an  abrupt  expiration  with  open  mouth,  which 
forces  open  the  previously  closed  glottis.  It  may  be  excited 
reflexly  from  the  mucous  membrane  of  the  respiratory  tract 
or  stomach  through  the  afferent  fibres  of  the  vagus,  from  the 
back  of  the  tongue  or  mouth,  and  (by  cold)  from  the  skin. 

Sneezing  is  a  violent  expiration  in  which  the  air  is  chiefly 
expelled  through  the  nose      It   is  usually  excited  reflexly 
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rora  the  nasal  mucous  membrane  through  the  branch  of 
the  fifth  nerve  which  supplies  it.  Pressure  on  the  course  of 
the  nasal  nerve  will  often  stop  a  sneeze.  A  bright  light 
sometimes  causes  a  sneeze,  and  so  in  some  individuals  does 
prtssure  on  the  supra-orbital  nerve,  when  the  skin  over  it  is 
slightly  inflamed. 

VcmiiR^^  is  a  prolonged  and  very  deep  inspiration,  some- 
times accompanied  with  stretching  of  the  arms  and  the 
whole  bod^-.     It  is  a  sign  of  mental  or  physical  weariness. 

A  n^A  is  a  long-drawn  inspiration,  followed  by  a  deep 
expiration. 

^Miu^  is  due  to  a  spasmodic  contraction  of  the  diaphragm, 
which  causes  a  sudden  inspiration.  The  abrupt  closure  of 
the  glottis  cuts  this  short  and  gives  rise  to  the  characteristic 
sound.  The  following  readings  of  the  intervals  between 
successive  spasms  were  obtained  in  one  attack  :  13  sees., 
12  sees.,  15  sees.,  9  sees.,  14  sees.,  etc.  The  mere  fixing  of 
the  attention  on  the  observations  soon  stopped  the  hiccup. 


Chemistry  of  Respiration. 

Onr  knowledge  of  this  subject  has  been  entirely  acquired 
in  the  last  200  years,  and  chiefly  in  the  last  century. 

Boyle  showed  by  means  of  the  air-pump  that  animals  die 
in  a  vacuum,  and  Bernouilli  that  fish  cannot  live  in  water 
from  which  the  air  has  been  driven  out  by  boiling. 

Mayow,  of  Oxford,  seems  to  a  considerable  extent  to  have 
anticipated  Black,  who  in  1757  demonstrated  the  presence 
^  carbonic  acid  in  expired  air  by  the  turbidity  which  it 
causes  in  lime  water. 

A  most  fundamental  step  was  the  discovery  of  oxygen  by 
Priestley  in  1771,  and  his  proof  that  the  venous  blood  could 
w  made  crimson,  hke  arterial,  by  being  shaken  up  with 
wygen. 

Lavoisier  discovered  the  composition  of  carbonic  acid, 
and  applied  his  discovery  to  the  explanation  of  the  respira- 
t^  processes  in  animals,  the  heat  of  which  he  showed  to  be 
gCQerated  like  that  of  a  candle  by  the  union  of  carbon  and 
oxygen.     He  made  many  further  important  experiments  on 
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m%>iratioD,  publishing  some  of  his  results  in  1789,  vben  the 
French  Revolution,  in  which  he  was  to  be  one  of  the  most 
distinguished  victims,  was  breaking  out. 

He  made  the  great  mistake,  however,  of  supposing  that 
the  oxidation  of  the  carbon  takes  place  in  the  blood  as  it 
passes  through  the  lungs. 

That  this  is  not  the  case  was  sufficiently  proved  as  soon 
as  it  was  known  that  the  blood  which  comes  to  the  lungs 
from  the  right  heart  is  highly  charged  with  carbonic  acid. 
As  to  the  actual  seat  of  oxidation,  we  shall  have  something 
to  say  in  another  part  of  this  chapter  (p.  203). 

There  are  two  main  lines  on  which  research  has  gone  in 
trying  to  solve  the  chemical  problems  of  the  respiration  :  (i) 
The  analysis  and  comparison  of  the  inspired  and  e^pired 
air,  or,  in  general,  the  investigation  of  the  gaseous  inter- 
change between  the  blood  and  the  air  in  the  lungs.  (2)  The 
analysis  and  comparison  of  the  gases  of  arterial  and  venous 
blood,  of  the  other  liquids,  and  of  the  solid  tissues  of  the 
body,  with  a  view  to  the  determination  of  the  gaseous  inter- 
change between  the  tissues  and  the  blood.  We  shall  take 
these  up  as  far  as  possible  in  their  order. 

The  methods  which  have  been  used  for  comparing  the 
compoBition  of  inepired  and  expired  air  are  very  various. 

(i)  Breathing  into  one  spirometer  and  out  of  another,  the 
inspired  and  expired  air  being  directed  by  valves.  The 
contents  of  the  spirometers  are  analyzed  at  the  end  of  the 
experiment  (Speck). 

(2}  A  small  apparatus,  much  on  the  same  principle,  was 
used  for  rabbits  by  PBUger  and  his  pupils.  A  cannula  in 
the  trachea  was  connected  with  a  balanced  and  self-adjust- 
ing spirometer  containing  oxygen,  and  the  inspired  and 
expired  air  separated  by  caustic  potash  valves,  which 
absorbed  the  CO^.  The  amount  of  oxygen  used  could  be 
read  off  on  the  spirometer,  and  the  amount  of  CO-  produced 
estimated  in  the  liquid  of  the  valves. 

(j)  Larger  and  more  elaborate  arrangements,  such  as 
Pettenkofer's  great  respiration  apparatus,  in  which  a  man 
can  remain  for  an  indefinite  period,  working,  resting,  or  sleep- 
ing.    Smaller  chambers  of  the  same  kind  have  also  been 
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ifor  animals.     In  Pettenkofer's  apparatus  air  is  drawn 
(trough  by  an   engine,  its   volume   being   measured   by  a 

» gasometer.  But  as  it  would  be  far  too  troublesome  to  analyze 
the  whole  of  the  air  coming  from  the  chamber,  a  sample 
stream  of  it    is   constantly  drawn   off,  which   also   passes 

I  through  a  gasometer,  through  drying  tubes  containing 
saiphuric  acid,  and  through  tubes  filled  with  barj'ta  water. 
The  baryta  solution  is  titrated  to  determine  the  quantity  of 
CO,;  the  increase  in  weight  of  the  drying  tubes  gives  the 
quantity  of  aqueous  vapour.  A  similar  sample  stream  of 
the  air  before  it  passes  into  the  chamber  is  treated  exactly 
w  the  same  way,  and  from  the  data  thus  got  the  quantity  of 
carbonic  acid  and  aqueous  vapour  given  off  can  readily  be 
Pertained.  But  the  ox>'gen  has  to  be  calculated  by  differ- 
^m  eoce,  and  all  the  errors  fall  upon  it. 

V  (4}  Haldane  and  Pembrey  have  elaborated  a  gravimetric 
oi^bod,  which  is  the  most  suitable  of  any,  at  least  for  small 

^m  animals.     It  depends  upon  the  absorption  of  CO-  by  soda 

V  lune.    See  Practical  Exercises,  p.  455. 

The  expired  air  is  at  or  near  the  body  temperature,  is 
saturated  with  watery  vapour,  and  contains  about  4  per  cent. 

»|"ore  carbonic  acid  and  4  to  5  per  cent,  less  o.xygen  than  the 
*Mpired.  There  may  be  in  addition  in  expired  air  small 
^Mntities  of  hydrogen  or  ammonia,  but  these  are  probably 
derived  from  the  alimentary  canal,  either  directly  or  after 
*«sorption  into  the  blood.  The  volume  of  the  expired  air, 
^nj  to  its  higher  temperature  and  excess  of  watery  vapour, 
'•somenhat  greater  than  that  of  the  inspired  air,  but  if  it  be 
''i^asared  at  the  temperature  and  degree  of  saturation  of  the 
l«Ter,  the  volume  is  somewhat  less.     Since  the  ox>'gen  of  a 

»p*en  quantity  of  carbonic  acid  wuuld  have  exactly  the  same 
TOiume  as  the  carbonic  acid  itself  at  a  given  temperature 
•id  pressure,  it  is  clear  that  the  deficiency  is  due  to  the 
«^t  that  all  the  oxygen  which  is  taken  up  in  the  lungs 
'*  not  given  off  as  carbonic  acid ;  some  of  it,  gomg  to 
Jidize  hydrogen,  reappears  as  water-  The  quotient  of  the 
biome  of  oxygen  given  out  as  carbonic  acid  by  the  volume  of 
*)fien  taken  in  is  the  respiratory  quotient.  It  shows  what 
^portion  of  the  oxygen  is  used  to  oxidize  carbon.     It  may 
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approach   unity  on  a  carbo-hydrate   diet,  which   contains 
enough  oxygen  to  oxidize  all  its  own  hydrogen  to  water. 
With  a  diet  rich  in  fat  it  is  least  of  all ;  with  a  diet  of  lean 
meat  it  is  intermediate  in  amount.     For  ordinary  fat  con- 
tains no  more  than   one-sixth,  and   proteids  not   one-half, 
of  the  oxygen  needed  to  oxidize  their  hydrogen.     In  man 
on  a  mixed   diet   the  respiratory  quotient   may  be  taken 
as  '8   or  *9.     So  lonpj  as   the   type   of  respiration    is  not 
changed,  the  respiratory  quotient  may  remain  constant  for  a 
wide  range  of  metabolism.     In  hibernating  animals,  how- 
ever, the  respiratory  quotient  becomes  very  small  during 
winter  sleep  (as  low  as  '4),  the  output  of  carbonic  acid  falling 
far  more  than  the  consumption  of  oxygen.     On  the  other 
hand,  in  excised  mammalian  muscles  at  a  low  temperature 
the  consumption  of  oxygen  is  lessened  to  a  greater  extent 
than  the  production  of  carbonic  acid,  and  the  respiratory 
quotient  may  be  as  high  as  3*2  (Rubner).     Muscular  work 
increases  the   respiratory  quotient,  because  carbo-hydrates 
are  chiefly  used  up.     In  starvation  the  respirator)*  quotient 
diminishes,  the  production  of  carbonic  acid  falling  off  at 
a  greater   rate   than   the  consumption   of  oxygen,  for   the 
starving  organism  lives   on  its  own  fat    and    proteids,  and 
has  only  a  trifling  carbo-hydrate  stock  to  draw  upon.     In  a 
diabetic  patient,  fed  on  a  diet  of  fat  and  proteid  alone,  the 
respiratory  quotient  was  only  06  to  07,  just  as  in  a  starving 
man. 

In  an  average  man  weighing  70  kilos  the  mean  produc- 
tion of  carbonic  acid  is  about  800  grammes  ^400  htres)  in 
24  hours,  and  the  mean  consumption  of  oxygen  about 
700  grammes  (490  litres)  (Pettenkofer  and  Voit).  But  there 
are  verj*  great  variations  depending  upon  the  state  of  the 
body  as  regards  rest  or  muscular  activity,  and  on  other 
circumstances.  In  hard  work  the  production  of  carbonic 
acid  was  found  to  rise  to  nearly  i,joo  grammes,  and  in  rest 
to  sink  to  less  than  700  grammes,  the  consumption  of 
oxygen  in  the  same  circumstances  increasing  to  nearly  1,100 
grammes  and  diminishing  to  600  grammes.  In  rest,  in 
moderate  exertion,  and  in  hard  work,  the  production  of 
carbonic  acid  was  found  to  be  nearly  proportionate  to  the 
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numbers  2*  j  and  6,  respectively.     In  a  case  of  diabetes  the 
consumption  of  oxygen  was  50  per  cent,  greater  than  in 
healthy  man,  corresponding  to  the  higher  heat-equivaient"' 
of  Ibe  food  of  the  diabetic  patient  {Weintraud  and  Laves). 
Taking  400  litres  per  24  hours,  or  17  litres  per  hour,  as 
the  mean  production  of  CO;  by  an  average  male  adult  at 
rtst  or  doing  only  light  work,  we  can  calculate  the  quantity 
of  fresh  air  which  must  be  supplied  to  a  room  in  order  to 
keep  it  properly  ventilated. 

It  has  been  found  that  when  the  carbonic  acid  given  off 
in  respiration  amounts  to  no  more  than  2  parts  in  10,000  in 
the  air  of  an  ordinary  room,  the  air  remains  sweet.     When 
the  carbonic  acid  given  off  reaches  4  parts  in  10,000,  the 
room  feels  distinctly,  and  at  6  in  10,000  disagreeably,  close, 
*We  at  9  parts  in  10,000  it  is  oppressive  and  almost  in- 
tolerable.    This   has   been  supposed   to  be  due  chiefly  to 
organic  matter  exhaled  from  the  lungs,  for  pure  carbonic 
acid  added  alone  in  similar  proportions  to  the  air  of  a  room 
has  not  the  same  bad  effect.     Recent  observations,  however, 
^cni  to  show  that  it  is  probably  not  the  small  quantity  of 
organic  matter  given  off  by  the  lungs  of  healthy  persons 
which  causes  either  the  odour  or  the  ill-effects  of  a  close 
Worn.     Hoth   arc  perhaps   due   to   the   products   of   slow 
potrefective   processes   constantly  going  on,  under  favour- 
ahle  conditions,  on  the  walls,  floors  or  furniture,  but  only 
becoming  perceptible  to  the  sense  of  smell  when  ventila- 
tion is   insufficient.      In  a  small,  newly-painted    chamber, 
presumably  free  from  such  impurities,  it  was  not  until  the 
carbonic  acid  reached  J  to  4  per  cent,  that  discomfort  began 
to  be  felt  and  the  respiration  to  be  quickened.     No  close 
odour  could  be  detected  (Haldane  and  Lorrain  Smith). 
Xe^'ertheless,  experience   has   shown   that   it   is   a  good 
rking  rule  for  ventilation  to  take  the  limit  of  permissible 
tspiralory  impurity  at  2  parts  of  CO™  per  10,000:  and  the 
[7  lures  of  carbonic  acid  given  off  in  the  hour  will  require 
,000  litres  (or  3,cx)o  cubic  feet)  of  air  to  dilute  it  to  this 
tent.     This  is  the  quantity  required  for  the  average  male 
ult  per  hour.     For  men  engaged  in  active  labour,  as  in 
factories  or  mines,  twice  this  amount  may  not  be  too  much. 
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For  women  and  children  less  is  required  than  for  men.     If 
a   room  smells  close»  it  needs  ventilation,  whatever  be  tl 
proportion  of  carbonic  acid  in  the  air. 

It  must  be  remembered  that  in  permanently-occnpied 
rooms  mere  increase  in  the  size  will  not  compensate  for  in- 
complete renewal  of  the  air,  although  it  may  be  easier  to 
ventilate  a  large  room  than  a  small  one  without  causing 
draughts  and  other  inconveniences.  But  as  few  apartments 
are  occupied  during  the  whole  24  hours,  a  large  room  which 
can  be  thoroughly  ventilated  in  the  absence  of  its  inmates 
has  a  distinct  advantage  over  a  small  one  in  its  great  initial 
stock  of  fresh  air. 

The  cubic  space  per  head  in  an  ordinary  dwelling-house 
should  be  not  less  than  28  cubic  metres  or  1,000  cubic  feet. 

The  quantity  of  carbonic  acid  given  off  is  not  only  affected 
by  muscular  work,  but  also  by  everything  which  influences 
the  general  metabolism.  In  males  it  is  greater  than  in 
females  (in  the  latter  there  is  a  temporary  increase  during 
pregnancy),  and  greater  in  proportion  to  the  body-weight 
in  the  young  than  the  old.  This  depends,  partly  at  least. 
on  the  fact  that  the  metabolism  is  relatively  more  active  in 
a  small  than  in  a  large  organism.  The  taking  of  food 
increases  it,  chiefly  in  consequence  of  the  increased 
mechanical  and  chemical  work  performed  by  the  alimentary 
canal  and  the  digestive  glands.  Sleep  diminishes  the  pro- 
duction of  CO2  partly  owing  to  the  rest  of  the  muscles,  and 
partly  to  the  absence  of  external  stimuli.  Even  a  bright 
light  is  said  to  cause  an  increase  in  CO^  production  and 
oxygen  consumption ;  but  recent  experiments  have  cast 
doubt  on  the  statement  (C.  Ewald).  The  external  tempera- 
ture influences  the  production  of  carbonic  acid.  In  poikilo- 
thermal  animals  (such  as  the  frog),  the  temperature  of  which 
varies  with  that  of  the  surrounding  medium,  the  production 
of  carbonic  acid,  on  the  whole,  diminishes  as  the  external 
temperature  falls,  and  increases  as  it  rises*  In  homoiothemial 
animals,  that  is,  animals  with  constant  blood  temperature, 
external  cold  increases  the  production  of  carbonic  acid  and 
the  consumption  of  oxygen.  But  if  the  connection  of  the 
nervous  system   with   the    muscles  has   been   cut  out 
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ira,  the  warm-blooded  animal  behaves  like  the  cold- 
blooded (Pfliiger  and  his  pupils  in  guinea-pig  and  rabbit). 
i These  interesting  facts  will  be  returned  to  under  Animal 
Heal  (p.  437). 
I  Cold-blooded  animals  produce  far  less  carbonic  acid,  and 
consume  far  less  oxygen,  per  kilo  of  body-weight  than 
warm-blooded. 

The  following  table  shows  the  relation  between  the  body- 
wdght  and  the  excretion  of  carbonic  acid  in  man  : 


Akw 


Wright  111  ktk». 


Male 


Kcmalc!  '^ 

10 


65 

82 

577 

32 
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^  The  next  table  illustrates  the  difference  in  the  intensity  of 
neiaboltsm  in  different  kinds  of  animals,  a  difference,  how- 
ever, largely  dependent  upon  relative  size: 
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kilo  per  hour.          CO,         Og  (In  CO3). 

f               '    0.   °'           <V 

SmaiU  song-bird 

11*3     gramme    |              *78 

F*wl 

1'3          ..           '              ^93 

Dog 

118    •    ,.                         75              1 

Cat  - 

TOO          „ 

77 

Horse 

•56          .. 

•97 

Sbcep 

•49 

•98 

1    Frog 

'084     .. 

•63 

Forced  respiration,  although  it  will  temporarily  increase 
ihc  quantity  of  carbonic  acid  given  off  by  the  lungs,  does  not 
*«Mibly  affect  the  production  ;  it  is  only  the  store  of  already 
formed  carbonic  acid  in  the  body  which  is  drawn  upon. 
The  amount  of  oxygen  taken  up  is  little  altered  by  changes 
'Q  ihc  movements  of  respiration  except  for  a  very  short 
tunc. 
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How  it  is  that  the  depth  of  the  rcspiraboa  may  affect  the 
rate  at  which  carbonic  acid  is  eliminated  we  can  only  under- 
itaiui  when  we  have  examined  the  process  by  which  the 
gaseoos  interchange  between  the  blood  and  the  air  of  the 
alveoli  is  accomplished ;  and  before  doing  this  it  is  necessary 
to  consider  the  condition  of  the  oiQigeo  and  carbonic  acid 
io  the  blood. 

The  Gftset  of  the  Blood. 


Physical  Introduction. ^The  structure  o(  matter  is  molecular; 
thai  iSf  it  15  made  up  of  molecules  beyond  which  it  cannot  be  divided 
without  altering  its  essential  charaaer.  A  molecule  may  consist  of 
two  or  more  particles  of  natter  (atoms)  bound  to  each  other  by 
rhemical  Units.  The  kinetic  theory  of  matter  supposes  the  molecules 
of  a  substance  to  be  in  constant  motion,  frequently  colliding  with 
each  othetf  and  thus  having  the  direction  of  their  motion  changed 

In  a  gas  the  mean  free  path,  thai  is,  the  average  distance  which  a 
molecule  travels  without  strikmg  another,  is  comparatively  long,  and 
far  more  lime  is  passed  by  any  molecule  without  an  encounter  than 
is  taken  up  with  collisions.  Although  the  average  velocity  of  the 
molecules  is  very  great,  these  collisions  will  produce  all  sorts  of 
differences  in  the  actual  velocity  of  different  molecules  at  any  given 
time.  Some  will  be  moving  at  a  greater,  some  at  a  slower  rate, 
than  the  average  ;  while  some  may  be  for  a  moment  at  rest  If  the 
gas  is  in  a  closed  vessel  the  molecules  will  be  constantly  striking  its 
sides  and  rebounding  from  them.  If  a  vcr}-  small  opening  is  made 
in  the  vessel,  some  molecules  will  occasionally  hit  on  the  openmg 
and  escape  altogether.  If  the  opening  is  made  larger,  or  the  experi- 
ment continued  for  a  longer  time  with  the  small  opening,  all  the 
molecules  will  in  course  of  time  have  passed  out  of  the  vessel  into 
the  air,  while  molecules  of  the  oxygen,  nitrogen,  and  argon  of  the  air, 
will  have  passed  in.  In  a  gas,  then,  not  enclosed  by  impenetrable 
boundaries,  there  is  no  restriction  on  the  path  which  a  molecule  may 
take,  no  tendency  for  it  to  keep  uithin  any  limits. 

When  two  chemically  indifferent  gases  are  placed  in  contact  with 
each  other,  diffusion  wiU  go  on  till  they  are  uniformly  mixed.  The 
diffusion  of  gases  may  be  illustrated  thus  :  Suppose  we  have  a 
perfectly  level  and  in  every  way  uniform  field  divided  into  two 
equal  parts  by  a  visible  but  intangible  line,  the  well-known  whitewash 
line,  for  instance.  On  one  side  of  the  line  place  500  blind  men  io 
green,  and  on  the  other  500  blind  men  in  red.  At  a  given  signal  let 
them  begin  to  move  about  in  the  field.  Some  of  the  men  in  green 
will  pass  over  the  line  to  the  '  red '  side  ;  some  of  the  men  in  red 
will  wander  to  the  'green  '  side.  Some  of  the  men  may  pass  over 
the  line  and  again  come  back  to  the  side  they  started  from.  But, 
the  whole,  after  a  given  interval  has  elapsetl,  as  many  green 
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coats  will  be  seen  on  the  red  side  as  red  coats  on  the  green.  And  if 
ihe  interval  is  long  enough  there  will  be  at  length  about  250  men  in 
red  and  250  in  green  on  each  side  of  the  boundary-line.  When  this 
state  of  equilibrium  has  once  been  reached,  it  will  henceforth  be 
maintained,  for,  upon  the  whole^  as  many  red  uniforms  will  pass  across 
the  line  in  one  direction,  as  will  recross  it  In  the  other. 

In  a  liquid  it  is  very  different ;  the  molecule  has  no  free  path.  In 
the  depth  of  the  liquid  no  molecule  ever  gets  out  of  the  reach  of 
oiher  molecules,  although  after  an  encounter  there  is  no  tendency  to 
return  on  the  old  path  rather  than  to  choose  any  other;  so  that  any 
molecule  may  wander  through  the  whole  liquid.  Although  the 
average  velocity  of  the  molecules  is  much  less  in  the  liquid  state 
than  it  would  be  for  the  same  substance  in  the  state  of  gas  or  vapour 
(gas  in  presence  of  its  liquid),  some  of  them  may  have  velocities 
much  above  the  average.  If  any  of  these  happen  to  be  moving  near 
the  surface  and  towards  it,  they  may  overcome  the  attraction  of  the 
n^tghbourinK  molecules  and  escape  as  vapour.  But  if  in  their 
further  wanderings  they  strike  the  liquid  again,  they  may  again 
becorue  bound  down  as  liquid  molecules.  And  so  a  constant  inter- 
change may  take  place  between  a  liquid  and  its  vapour,  or  between 
a  liquid  and  any  other  gas,  until  the  state  of  equilibrium  is  reached, 
in  which  on  the  average  as  many  molecules  leave  the  li(|uid  to  be- 
come vapour  as  are  restored  by  the  vapour  to  the  liquid,  or  as  many 
molecules  of  the  dissolved  gas  escape  from  solution  as  enter 
into  it. 

For  the  sake  of  a  simple  illustration,  let  us  take  the  case  of  a 
shallow  vessel  of  water  originally  gas-free,  standing  exposed  to  the 
air.  It  will  be  found  af^ter  a  lime  that  the  waicr  contains  the  atmo- 
spheric gases  in  certain  proportions— in  round  numbers,  about  yj^  of 
\\s  volume  of  oxygen  and  ^^  of  its  volume  of  nitrogen  (measured  at 
760  mm.  Hg  and  oX.). 

Now,  let  a  similar  vessel  of  gas-free  water  be  placed  in  a  large  air- 
tight box  filled  with  air  at  atmospheric  pressure,  and  let  the  oxygen 
be  all  absorbed  before  the  water  is  exposed  to  the  atmosphere  of  the 
box.  The  latter  now  consists  practically  only  of  the  nitrogen  of  the 
air,  and  its  pressure  will  be  only  about  four-fifths  that  of  the  external 
atmosphere.  Nevertheless,  the  quantity  of  nitrogen  absorbed  by  the 
water  will  be  exactly  the  same  as  was  absorbed  from  the  air.  If 
the  box  was  completely  exhausted,  and  then  a  quantity  of  oxygen, 
equal  ko  that  in  R  at  first,  introduced  before  the  water  was  exposed 
to  it,  the  pressure  would  be  found  to  be  only  about  one-lifth  that  of 
ihe  external  atmosphere  ;  but  the  (quantity  of  oxygen  taken  up  liy 
the  water  would  be  exactly  equal  to  that  taken  up  in  the  first 
ejij>enment. 

Two  well-known  physical  laws  are  illustrated  by  our  supposed 
experiments.-  (i)  In  a  mixture  of  gates  which  do  not  act  chemically 
QH  €ach  other  the  pressure  exerted  Oy  each  gas  {called  the  partial  pres- 
sure of  the  gas)  is  the  same  as  it  would  exert  if  the  others  were  absent. 
(2)  Tlu  iiuantity  {mass)  of  a  gas  adsorbed  by  a  liquid  which  does  not 
aeS  ehemually  upon  it  is  proportional  to  the  partial  pressure  of  thi.  gas. 
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It  also  depends  upon  the  nature  of  the  gas  and  of  the  liquid*  and 
the  temperature,  increase  of  temperature  in  general  diminiiihing  the 
quantity  of  gas  absorbed.  It  is  to  be  noted  that  when  the  volume 
of  the  absorbed  gas  is  measured  at  a  pressure  equal  to  the  [>ari)j1 
pressure  under  which  it  was  absorbed,  the  same  volume  of  gas  is 
taken  up  at  every  pressure. 

Suppose,  now,  that  a  vessel  of  water,  saturated  with  oxygen  and 
nitrogen  for  the  partial  pressures  under  which  these  pases  exist  in  the 
air,  is  placed  in  a  box  filled  with  pure  nitrogen  at  full  atmospheric 
pressure.  As  we  have  seen,  there  is  a  constant  interchange  gomg  on 
between  a  liquid  which  conuins  gas  in  solution  and  the  ainiosphere 
lo  which  it  is  exposed.  Oxygen  and  nitrogen  molecules  will  there- 
fore continue  to  leave  the  water  j  but  If  the  box  is  large,  few  ox>grn 
molecules  will  find  their  way  back  lo  the  water,  and  ultimately  liiile 
oxygen  will  remain  in  it,  In  other  words,  the  quantity  of  ox>^en 
absorbed  by  the  water  will  become  again  propoitional  to  the  partial 
pressure  of  oxygen,  which  is  now  not  much  above  zero.  On  the 
other  hand,  molecules  of  nitrogen  will  at  first  enter  the  water  in 
larger  number  than  they  escape  from  it,  for  the  pressure  of  the 
nitrogen  is  now  that  of  the  external  atmosphere,  of  which  its  partial 
pressure  was  formerly  only  four-fifths.  In  unit  volume  of  the  gas 
above  the  water  there  will  be  5  molecules  of  niiroRcn  for  every  4 
molecules  in  the  same  volume  of  atmospheric  air.  Therefore  on  the 
average  5  nitrogen  molecules  will  in  a  given  time  get  entangled  by 
liquid  molecules  for  every  4  which  came  within  their  sphere  of  attrac- 
tion before.  On  the  whole,  then*  the  water  will  lose  oxygen  and  gain 
nitrogen,  while  ihc  atmosphere  of  the  air-tight  box  will  gain  oxygen 
and  lose  nitrogen. 

If,  now,  the  partial  pressures  of  oxygen  and  nitrogen  under  which 
the  water  had  been  originally  saturated  were  unknown,  it  is  evident 
that  by  exposing  it  to  an  atmosphere  of  known  composition,  and 
afterwards  determining  the  changes  produced  in  the  composition  of 
that  atmosphere  by  loss  lo,  or  gain  from,  the  gases  of  the  water,  we 
could  find  out  something  about  the  original  partial  pressures.  If, 
for  example,  the  quantity  of  oxygen  in  the  atmosphere  of  the  chamber 
was  increased,  we  could  conclude  that  the  partial  pressure  of  oxygen 
under  which  the  water  had  been  saturated  was  greater  than  that  in 
the  chamber  at  the  beginning  of  the  experiment.  And  if  we  found 
that  with  a  certain  partial  pressure  of  oxygen  in  the  atmosphere  of 
the  chamber  there  was  neither  gain  nor  loss  of  this  gas,  we  might  be 
sure  that  the  partial  pressure  (the  temperature  being  supposed  not 
to  vary)  was  the  same  when  the  water  was  saturated.  We  shall  see 
later  on  how  this  principle  has  been  applied  to  determine  the  partial 
pressure  of  oxygen  or  carbonic  acid  which  just  suffices  to  prevent 
blood,  or  any  other  of  the  liquids  of  the  body,  from  losing  or  gaining 
these  gases.  This  pressure  is  evidently  equal  to  that  exerted  by  the 
gases  of  the  liquid  at  its  surface,  which  is  sometimes  called  their 
'tension';  for  if  it  were  greater,  gas  would,  upon  the  whole,  pass 
into  the  blood  ;  and  if  it  were  less,  gas  would  escape  from  the  blood. 
Thus,  the  Unsion  of  a  gas  in  soiuU'on  in  a  Utfuid  is  equai  to  Ike  partiai 
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frtiiure  fif  that  gas  in  an  atmosphere  to  whiih  the  Hquidis  exposed ^tohich 
is  just  suffieitnt  to  pretyent  gain  or  loss  of  the  gas  by  t/u  titfuid  (p.  aoo). 

The  following  imaginary  experiment  may  further  illusiraie  ihc 
meaning  of  the  term  '  tension  *  of  a  gas  in  a  liquid  in  this  connection  : 

Suppose  a  cylinder  filled  with  a  liquid  containing  a  gas  in  solution, 
and  closed  above  by  a  piston  moving  air-tight  and  without  friction, 
in  contact  with  the  surface  of  ihe  liquid  (Fig.  66).  Let  the  weight 
of  the  piston  be  balanced  by  a  counterpoise.  The  pressure  at  the 
iurface  of  the  liquid  x^  evidently  that  of  the  atmosphere.  Now,  let 
the  whole  be  put  into  the  receiver  of  an  air-pump,  and  the  air  gradu- 
ally exhausted.  Let  exhaustion  proceed  until  gas  begins  to  escape 
from  the  liquid  and  lies  tn  a  thin  layer  between  its  surface  and  the 
piston,  the  quantity  of  gas  which  has  become  free  being  very  small 
in  proportion  to  that  still  in  solution.  At  this  point  the  piston  is 
acted  upon  by  two  forces  which  balance  each  other,  the  pressure  of 

P,  friclionleu  pi>ton  ;  L,  liquid  in 
cylinder  :  U.  g.ts  heginaiii];  to  es- 
cape from  liqul'l.  P  w  exactly 
counlerpoised.  In  addition  to  the 
manner  dcscntwJ  in  ihe  text,  the  ex- 
periment may  be  »uppo»«l  lo  be  per- 
formed iliu5.  Lctthe  i«ciKlM,  W,  be 
dfitffmtned  which,  when  iliff  r<!cei¥er 
)>•  cumpk-trly  exh.iusted,  su/Tices  Just 
irj  ki?ep  the  piston  in  conuct  wiih  the 
liquid.  The  presMire  o(  the  gas  is 
\\\ta  jusi  counicrboianccd  by  W  ; 
and  ir  ^  \s  the  ;irea  of  the  cro&s- 
seciioii  of  the  pisron  the  pressure  of 

the  gJU  per  unit  of  area  it Or  If 

the  pi<^ton  is  hollow.  And  n>ercur»'  be 
poured  into  it  so  as  just  to  keep  ii  m 
contact  uith  theli(|uid,  Ihcr  hrii:ht  of 
the  column  of  mircury  rctjuired  is 
also  equal  to  the  [trcuure  or  tension 
of  the  ({<"' 

Fig.  66.-tUAaiNARV    tXHKHlMKHr    TO    llUUfcTKATK  'TlKilON'  OP  A  GAb    IS   A 

Ltqt'iix 

the  air  in  the  receiver  acting  down,  and  the  pressure  of  the  gas  escap- 
ing from  the  liquid  acting  upwards.  If  the  pressure  in  the  receiver 
if  now  slightly  increased,  the  gas  is  again  absorbed.  The  pressure  at 
which  this  just  happen?,  and  against  which  the  piston  is  still  sup- 
poned  by  the  impacts  of  gaseous  molecules  flying  out  of  the  liquid, 
while  no  pressure  is  as  yet  exerted  directly  between  the  liquid  and  the 
piston,  is  obviously  equal  to  the  pressure  or  tension  of  the  gas  in  the 
liquid. 

From  the  above  principles  it  follows  that  a  gas  held  in  solution 
inty  be  extracted  by  exposure  to  an  atmosphere  in  which  the  partial 
pressure  of  the  gas  is  made  as  small  as  possible.  Thus,  oxygen  can 
be  obtained  from  li(|uids  in  which  it  is  simply  dissolved  by  putting 
ihetn  in  an  almosphere  nf  hydrogen  or  nitrogen,  in  which  the  partial 
pressiire  of  oxygen  is  zero,  or  in  the  vacuum  of  an  air-pump,  in 
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which  it  is  extremely  small.     Heat  also  aids  the  expulsion  of  dis- 
solved gases.     Some^gases  held  in  weak  chemical  union,  like  the 


1  Ui.    67.— S<  lltMt  ur  GA£-PUMI'. 

A,aibe  blood  bulb  ;  B.  the  (roth  chBmb«>r  ;  C.  ihc  drying  tube  ;  D,  Sued  mercurjr 
bulb ;  K.  nwvabic  mercury  bulb  conntcied  by  a  Ilcvibk  lubtr  wilh  D  ;  F,  cudlomricr  ; 
G,  a  narrow  delivery  lube  ;  1.  3,  3.  4,  ups,  4  being  3  ihr«-»ay  i«p-  A  is  fillt-il  witb 
blood  by  conneclinv:  :lie  tap  i  by  mraos  of  n  tube  Hitti  n  bloodvcuel.  Taps  1  and  s 
nrc  then  cIomU     The  rc»t  of  '-tie  appnmtus  froni  D  to  D  is  now  exhausted  by  raising 

E.  with  inp  4  turned  so  ns  to  place  K  only  In  communication  with  G.  till  the  nKrconr 
filli  D,  Tap  4  is  now  turaed  so  as  to  conned  C  ^^tth  D  nnd  cm  off  G  from  D,  and  E 
is  lowered.  The  mercury  passes  oui  of  t).  and  air  puss*-*  into  it  from  Bar»d  C.  Tap4 
is  n^Q  tamed  »o  as  10  cut  oft  t.  from  D  and  connect  G  and  D.  E  i»  raised,  and  the 
mertury  pas&cs  into  D  nnd  forces  llie  air  out  ttirough  G.  ihe  end  of  which  hns  not 
hitherto  been  placed  under  Y.  This  nliemaie  raitlnE  nnd  lowering  of  E  ii  continued 
till  a  manometer  connected  between  C  »nd  4  indicates  llial  t)ie  pressure  hns  been 
wifficiently  reduced  The  tap  3  is  now  opened  :  the  K^sci  of  the  blood  bubble  up 
into  the  froth  clumber,  pais  through  the  ilryinR-inbe  C.  «hich  »  filled  with  pumlcr- 
stone  and  sulphuttc  acid,  and  enter  D.     The'eod  of  G  is  pLiced  under  the  eudiometer 

F,  and  by  riisine  E,  wlih  lap  4  turned  so  as  to  ctil  off  C,  the  gue*  arc  forced  out 
ihroufjh  G  and  collected  in  V.  The  movctnetits  required  for  cnhaustioD  can  be  re- 
pealed iscveral  timet  till  no  more  pas  comes  off.  The  escape  of  g»s  from  the  blood  is 
facilitated  by  immersing  the  bulb  A  in  water  at  4o*-5o'  C. 

loosely-combined  oxygen  of  oxyhemoglobin,  can  be  obtained  by  dis- 
sociation of  their  compounds  when  the  partial  pressure  is  reduced. 
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:stAbte  combinations  may  require  to  be  broken  up  by  chemical 
qnts— carbonates,  for  instance,  by  acids. 

tttnction  of  the  Blood-guea. — This   is   accomplished  by 
Mposing  blood   to   a   nearly   perfect    vacuum.      The   gas- 
pamps  which  have  been  most  largely  used  in  blood  analysis 
are  constructed  on  the  principle  of  the  Torricellian  vacuum. 
A  diagram  of  a  simple  form  of  Pfliiger's  gas-pump  is  given 
in  Fig.  67.     The  gases  obtained    are  ultimately  dried  and 
^  collected  in  a  eudiometer,  which  is  a  graduated  glass  tube 
H  with  its  mouth  dipping  into  mercurj'.     The  carbonic  acid  is 
■   estimated  by  introducing  a  little  caustic  potash  to  absorb  it. 
^    The  diminution   in   the   volume  of  the   gas   contained   in 
the  eudiometer  gives  the  volume  of  the  carbonic  acid.     The 
oxygen  may  be  estimated  by  putting  into  the  eudiometer  more 
than  enough  hydrogen  to  unite  with  all  the  oxygen  so  as  to 
fonnwatcr»  and  then,  after  reading  off  the  volume,  exploding 
i1k  mixture  by  means  of  an  electric  spark  passed  through 
two  platinum  wires  fused  into  the  glass.     One-third  of  the 
diminution  of  volume   represents  the   quantity  of  oxygen 
present    It  can  also  be  estimated  by  absorption  with  potas- 
sium pyrogallate.     The  remainder  of  the  original  mixture  of 
Wood-^ases,  after  deduction  of  the  carbonic  acid  and  oxygen, 
IS  put  down  as  nitrogen  (with,  no  doubt,  a  small  proportion 
of  ar^on).     For  the  sake  of  easy  comparison,  the  observed 
^i«>Iame  of  gas  is  always  stated  in  terms  of  its  equivalent  at 
H-fl  standard  pressure  and  temperature  (760  mm.,  or  some- 
times on  the  Continent  I  metre,  Hg,  and  o*  C). 

In  dog's  blood,  which  has  been  up  to  this  time  chiefly  in- 
vestigated, there  are  considerable  variations  in  the  quantity 
of  oxygen  and  carbonic  acid  which  can  be  extracted;  and 
this  is   particularly   true  of  the   venous   blood,   as    might 
aaturally  be  expected,  since  even  to  the  eye  it  varies  greatly 
according  to  the  vein  it  is  obtained  from,  the  rapidity  of  the 
cifculatiun,  and  the  activity  of  the  tissues  which  it  has  just 
Jdt.     On  the  average, 
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100  volumes  of  arterial  blood  yield    -        ■        - 
n  mixed  venous  blood  (from  right 

heart)  yield 10-12       47       i-a 
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The  blood  gains  about  twice  as  many  volumes  of  Oj  per  cent  as 
the  air  loses  in  the  lungs,  for  about  twice  as  much  air  (by  volume)  as 
blood  passes  into  them  (pp.  164,  172,  185). 

Average  venous  blood  contains  7  or  8  per  cent,  by  volume 
less  oxygen,  and  7  or  8  per  cent,  more  carbonic  acid,  than 
arterial  blood.  But  even  arterial  blood  is  not  quite  saturated 
with  oxygen  ;  it  can  generally  still  take  up  one-tenth  to  one- 
fifteenth  of  the  quantity  contained  in  it. 

When  the  gases  are  not  removed  from  blood  immediately 
after  it  is  drawn,  its  colour  becomes  darker,  and  it  yields 
more  carbonic  acid  and  less  oxygen  than  if  it  is  evacuated 
at  once  (PflUger).  From  this  it  is  concluded  that  oxidation 
goes  on  in  the  blood  for  some  time  after  it  is  shed.  The 
oxidizable  substances  appear,  however,  to  be  confined  to  the 
corpuscles,  which  suggests  that  ordinary  metabolism  simply 
continues  for  some  time  in  the  formed  elements  of  the  shed 
bloodi  and  that  the  disappearance  of  oxygen  is  not  due  to 
the  oxidation  of  substances  which  have  reached  the  blood 
from  the  tissues. 

The  Distribution  of  the  Oases  In  the  BloocL — The  oxygen  is 
nearly  all  contained  in  the  corpuscles.  A  little  oxygen  can 
be  pumped  out  of  serum  ('i  to  '2  per  cent,  by  volume),  but 
this  follows  the  Henr>'-Dalton  law  of  pressures ;  that  is,  it 
comes  off  in  proportion  to  the  reduction  of  the  partial 
pressure  of  the  oxygen  in  the  pump,  and  is  simply  in  solution. 

When  blood  is  being  pumped  out,  very  little  oxygen 
comes  off  till  the  pressure  has  been  greatly  reduced,  and 
then  at  a  certain  point  it  is  disengaged  with  a  burst.  This 
shows  that  it  is  not  simply  absorbed,  but  is  united  by 
chemical  bonds  to  some  constituent  of  the  blood.  The 
sanitj  thing  is  seen  when  dehbrinated  blood  is  saturated  at 
the  ordinary  air  temperature  with  oxygen  at  different 
pressures.  The  quantity  taken  up  diminishes  but  slowly  as 
the  pressure  is  reduced,  till  at  about  40  mm.  of  Hg  the 
curve  of  saturation  begins  to  fall  abruptly  towards  the 
abscissa  line,  showing  that  the  quantity  of  oxygen  which 
the  blood  can  now  take  up,  under  the  diminished  pressure, 
rapidly  becomes  very  small  (Bert). 

It  is  found  that  a  solution  of  pure  haemoglobin  ciystals 
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behaves  towards  oxygen  just  like  blood ;  and  there  is  no 
doabt  that  the  body  in  blood  with  which  the  oxygen  is 
loosely  united  is  hamoglobin.  We  may  suppose  that  at  the 
ordinary  temperature  and  partial  pressure  of  oxygen  (the 
pirtial  pressure  of  oxygen  when  hiemoglobin  is  exposed  to 

the  lir  will  be,  at  760  mm,  atmospheric  pressure,  —  x  760, 

or  159*6  mm.)  some  oxygen  is  continually  escaping  from  the 
bonds  by  which  it  is  tied  to  the  haemoglobin ;  but  on  the 

»wbole  an  equal  number  of  free  molecules  of  oxygen,  coming 
within  the  range  of  the  hemoglobin  molecules,  are  entangled 
by  them,  and  thus  equilibrium  is  kept  up.  If  now  the 
atraospheric  pressure,  and  therefore  the  partial  pressure  of 
ox}'gen,  is  reduced,  the  tendency  of  the  oxygen  molecules  to 
break  off  from  the  haemoglobin  will  be  unchanged,  and  as 
many  molecules  on  the  whole  will  escape  as  before ;  but 
even  after  a  considerable  reduction  of  pressure  the  haemo- 
globin, such  is  its  avidity  for  oxygen,  will  still  be  able  to 
seiie  as  many  atoms  as  it  loses.  The  more,  however,  the 
partial  pressure  of  the  oxygen  is  diminished — that  is  to  say, 
the  fewer  oxygen  molecules  there  are  in  a  given  space  above 
the  h«moglobin — the  smaller  will  be  the  chance  of  the  loss 
bein^made  up  by  accidental  captures.  At  a  certain  pressure 
tbc  escapes  will  become  conspicuously  more  numerous  than 
the  captures  ;  and  the  gas-pump  will  give  evidence  of  this, 
although  it  could  give  us  no  information  as  to  mere  mole- 
colar  interchange,  so  long  as  equilibrium  was  maintained. 

The  higher  the  temperature  of  the  hEemoglobin  is,  the 
greater  will  be  the  average  velocity  of  the  molecules,  and 
Ifcc  greater  the  chance  of  escape  of  molecules  of  oxygen. 
Tile  'dissociation  tension  '  of  oxyhemoglobin,  or  the  partial 
piessnre  of  oxygen  at  which  the  oxyhsemoglobin  begins  to  lose 
flM>re  oxygen  than  it  gains,  is  raised  by  raising  the  tcmpera- 
iBre.  At  the  temperature  of  the  body  it  is  more  than  80  mm. 
of  Hg  for  hfemoglobin  only  nine-tenths  saturated  (Bert). 

In  ordinary  venous  blood  there  is  still  much  oxygen — 
so  much  that  it  gives  the  spectrum  of  oxy-ha:moglobin.     It 
is  only  in  the  blood  of  asphyxia  that  oxygen  disappears. 
Tha   Cubonic  Aoid  of  the  Blood. — Blood   freed    from   gas 
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absorbs  carbonic  acid,  partly  in  proportion  to  the  pressure, 
and  partly  independently  of  it  Some  of  the  carbonic  acid 
must  therefore  be  simply  dissolved  ;  some,  and  this  the 
greater  part,  Is  chemically  combined.  The  serum  contains  a 
larger  percentage  of  cartxsnic  acid  than  the  clot,  but  this 
percentage  is  not  great  enough  to  allow  us  to  assume  that 
the  whole  of  the  carbonic  acid  is  confined  to  the  serum. 
Some  of  it  must  belong  to  the  corpuscles. 

Since  the  serum  contains  alkalies  (especially  soda),  it  is 
natural  to  suppose  that  the  combined  carbonic  acid  must 
exist  chiefly  as  carbonate  or  bicarbonate  of  sodium.  That 
there  is  something  more,  however,  is  shown  by  the  fact  that 
from  defibrinated  blood  the  whole  of  the  carbonic  acid  can 
in  time  be  pumped  out  without  the  addition  of  an  acid  to 
displace  it  from  the  bases  with  which  it  is  combined.  It  is 
hardly  necessary  to  say  that  this  could  not  be  done  with  a 
solution  of  sodium  carbonate.  From  serum  a  great  deal, 
but  not  the  whole,  of  the  carbonic  acid  can  be  likewise 
pumped  out.  The  residue  is  set  free  on  the  addition  of  an 
acid,  phosphoric  acid,  e.f^. 

The  most  satisfactorj'  explanation  seems  to  be  that  in  the 
serum  there  exist  substances  which  can  act  as  weak  acids 
in  gradually  driving  out  the  carbonic  acid,  when  its  escape 
is  rendered  easier  by  the  vacuum,  but  which,  nevertheless, 
do  not  affect  litmus  paper  (since  the  reaction  of  serum  is 
alkaline).  The  quantity  of  these,  however,  is  so  small  that 
a  portion  of  the  carbonic  acid  remains  in  the  serum.  The 
proteids  of  the  serum,  such  as  scrum-globulin,  can  act  as 
weak  acids,  and  may  contribute  to  the  driving  out  of  the 
carbonic  acid. 

When  defibrinated  blood  is  pumped  out,  the  whole  of  the 
carbonic  acid  can  be  removed,  apparently  because  sub- 
stances of  an  acid  nature  pass  from  the  corpuscles  into  the 
hquid  part  of  the  blood  and  help  to  break  up  the  carbonates. 

In  the  red  corpuscles  a  portion  of  the  carbonic  acid  may 
be  in  combination  with  alkalies.  We  know  that  the  cor- 
puscles contain  alkalies,  for  the  alkalinity  of  '  laked  '  blood 
(pp.  25,  45),  in  which  the  red  corpuscles  have  been  broken 
up,  is  found  to  be  greater  than  that  of  unlaked  blood,  unless 
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a  long  time  is  allowed  in  the  case  of  the  latter  for  the 
alkalies  of  the  corpuscles  to  reach  the  acid  used  in  titration 
(Loewy),  But  there  is  reason  for  believing  that  a  weak 
compound  of  carbonic  acid  can  be  formed  with  hsemoglobin; 
for  a  solution  of  hemoglobin  absorbs  more  of  this  gas 
than  water,  and  the  quantity  absorbed  is  not  proportional 
to  the  pressure.  The  hemoglobin  of  the  corpuscles  may 
therefore  hold  a  portion  of  the  carbonic  acid  in  combina- 
tion.  Even  ordinary  venous  blood  can  take  up  much  more 
carbonic  acid  than  it  actually  contains. 

When  blood  is  saturated  with  carbonic  acid  and  then 
^separated  into  scrum  and  clot,  the  serum  is  found  to  yield 
nrrore  gas  than  the  clot ;    but  if  the  serum   and   clot  are 
separately  saturated,  the  latter  takes  up  more  carbonic  acid 
than  the  former.     From  this  it  is  argued  that  a  substance 
combined  with  carbonic  acid  must  in  blood  saturated  with 
the  gas  pass  out  of  the  corpuscles  into  the  serum.     This 
cannot  be  haemoglobin,  for  it  remains  in  the  corpuscles,  but 
Jt  may  very  well  be  an  alkali,  combined  with  the  carbonic 
acid,  and  thus  set  free  from  its  connection  with  the  hemo- 
globin.    And.  as  a  matter  of  fact,  under  the  circumstances 
described,  it  has  been  found  that  alkalies,  as  well  as  certain 
food-substances  (proteid,  fat  and  sugar),  do  pass  from  the 
clot  into  the  serum  (Zunt^,  Hamburger),  and  chlorine  from 
the  serum  into  the  corpuscles  (Lehmann).     On  the  other 
hand,  when  blood  is  saturated  with  oxygen,  alkalies  and  the 
food-substances  mentioned  pass  out  of  the  serum  into  the 
corpuscles.     Hamburger   has  extended   these  observations 
to  living  blood,  and  has  shown  that  the  plasma  of  venous 
blood    has   more   alkali,  proteid,  sugar   and    fat  than   the 
plasma  of  arterial  blood.     In  the  pulmonary  capillaries,  ac- 
cording to  him,  food-substances  go  over,  under  the  influence 
of  oxygen,   from   the  plasma  to   the  corpuscles.      In   the 
systemic  capillaries  the  blood  becomes  loaded  with  carbonic 
acid,  and  therefore  the  corpuscles  give  up  proteids,  etc.,  to 

le  plasma,  which  accordingly  has  a  greater  supply  of  food- 

Isubstances  to  offer  to  the  tissues  than  the  plasma  of  arterial 

fblood  itself.     In  both  cases  he  sees  in  this  interchange  an 

arrangement   by  which   oxidation   is  favoured.     Whatever 
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may  be  thought  of  this  view — and  ic  is  a  serious  objection 
to  it  that  the  amount  of  oxidation  which  can  be  supposed  to 
take  place  in  the  red  corpuscles  is  small — the  current  theory, 
that  the  corpuscles  are  simply  passive  carriers  of  oxygen, 
and  exercise  no  further  influence  on  the  plasma,  breaks  down 
in  face  of  the  facts.  We  must  admit  that  an  active  and 
many-sided  commerce  exists  between  them  and  the  liquid 
in  which  they  float. 

The  nitrogen  of  the  blood  is  simply  absorbed. 

The  tension  or  partial  pressure  of  a  ffas  in  the  blood  can 
be  conveniently  ascertained  by  means  of  an  apparatus  called 
the  aerotonometer  (Pfliiger,  Strassburg).  The  blood  is 
made  to  pass  directly  from  the  vessel  to  two  tabeSr  which 
it  traverses  at  the  same  time,  the  stream  being  divided 
between  them  ;  it  then  passes  out  again.  The  tubes  are 
warmed  to  the  body  temperature :  one  of  them  is  Ailed 
with  a  gaseous  mixture  having  a  greater,  and  the  other  with 
a  mixture  having  a  smaller,  partial  pressure,  say  of  COj, 
than  is  expected  to  be  found  in  the  blood.  As  the  latter 
runs  in  a  thin  sheet  over  the  walls  of  the  tubes,  it  loses  CO, 
to  the  one  and  takes  up  COo  from  the  other.  From  the 
alteration  in  the  proportion  of  the  COj[  in  the  two  tubes,  it  is 
easy  to  calculate  the  partial  pressure  of  that  gas  in  the 
blood ;  that  is,  the  partial  pressure  which  it  would  be 
necessary  to  have  in  the  tubes  in  order  that  the  blood 
might  pass  through  them  without  losing  or  gaining  carbonic 
acid  (p.  192). 

The  pressure  of  oxygen  in  arterial  blood  was  given  by 
Strassburg  as  about  30  mm.  of  Hg  in  the  dog,  aiid  in 
venous  blood  as  something  like  20  mm.  But  the  careful 
recent  experiments  of  Bohr  make  it  necessary  to  treble  or 
quadruple  these  numbers.  He  allowed  the  blood  to  flow 
through  an  apparatus  constructed  and  worked  much  in  the 
same  way  as  Ludwig's  stromuhr  (p.  92)  and  inserted  in  the 
course  of  an  artery.  la  the  instrument  the  blood  came  into 
contact  with  a  gaseous  mixture  of  known  composition. 

The  pressure  of  carbonic  acid  in  arterial  blood  we  may 
take  at  10  to  40  mm.,  in  venous  blood  at  30  to  50  mm., 
according  to  the  results  of  different  observers. 
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Whenever  the  venous  blood  has  to  pass  through  a  region 
in  which  the  pressure  of  carbonic  acid  is  kept  lower  than  in 
itself,  it  will  begin  to  lose  carbonic  acid  by  diffusion.  If  the 
pressure  of  oxygen  in  this  region  is  at  the  same  time  higher 
(ban  in  the  venous  blood,  some  of  it  will  be  taken  up.  And 
to  bring  about  these  results  no  physiological  force  need  he 
'.invoked  ;  only  physical  processes  will,  under  the  assumed 
conditions,  be  required. 

Now,  we  know  that  in  the  lungs  carbonic  acid  is  given  off 
from  the  blood,  and  oxygen  taken  up  by  it.  We  have,  there- 
fore, to  inquire  what  the  partial  pressures  of  these  gases  are 
in  the  alveoli,  and  whether  they  are  so  related  to  the  cor- 
responding partial  pressures  in  the  blood  that  a  simple 
process  of  dissociation  and  diffusion  will  be  sufBcicnt  to 
explain  pulmonary  respiration. 

The  percentage  of  carbonic  acid  in  expired  air  cannot  tell 
us  the  pressure  of  that  gas  in  the  alveoli,  for  it  includes  the 
air  in  the  upf)er  part  of  the  respiratory  tract.  But  it  gives 
us  a  minimum  value,  below  which  it  is  not  conceivable 
that  the  alveolar  partial  pressure  can  he,  for  we  cannot 
imagine  that  any  air  in  the  respiratory  tract  can  be  richer  in 
carbonic  acid  than  that  of  the  alveoli.  Now,  Vierordt  found 
with  the  deepest  possible  e.Kpiration  a  little  over  5  per  cent. 
of  carbonic  acid  in  the  expired  air.  From  this  it  seems 
jastifiable  to  conclude  that  in  man  the  partial  pressure  of 
cwbonic  acid  in  the  alveoli  may  be  at  least  one-twentieth  of 
an  atmosphere  or  38  mm.  of  Hg. 

In  animals,  samples  of  the  alveolar  air  have  been  drawn 
"'directly  (Wolff berg)  by  means  of  Ffliiger's  pulmonary 
**^*«fer.  This  consists  of  two  tubes,  one  within  the  other, 
The  inner  tube,  which  is  a  fine  elastic  catheter,  projects 
free  from  the  other  for  a  little  distance  at  its  lower  end. 
The  outer  tube  terminates  in  an  indiarubber  ball,  which  can 
^  inflated  so  as  to  block  the  bronchus  into  which  it  is 
pMsed,  and  cut  off  the  corresponding  portion  of  the  lung 
from  communication  with  the  outer  air.  A  sample  of  the 
*if  below  the  block  can  be  drawn  off  through  the  inner  tube. 
^Dlhis  way  the  proportion  of  carbonic  acid  in  the  alveoli  of 
file  dog  was  found  to  be  only  about  j'5  per  cent.,  corre- 
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spending  to  a  partial  pressare  of  about  29  mm.  of  Hg. 
But  this  would  be  undoubtedly  too  high,  owing  to  the  im- 
possibility of  interchange  with  the  external  atmosphere, 
and  would  represent  the  partial  pressure  of  the  carbonic  acid 
in  the  blood  rather  than  in  the  alveolar  air  under  normal 
conditions.  I'^or  gaseous  equilibrium  is  soon  established 
between  blood  and  air  separated  only  by  a  thin  membrane 
like  the  alveolar  wall. 

In  Bohr's  experiments  the  tension  of  the  carbonic  acid  in 
the  air  of  the  lungs  in  dogs  varied  from  5*8  to  34*6  mm.  of 
Hg,  while  in  arterial  blood,  taken  at  the  same  time,  it 
usually  ranged  from  10  to  38  mm.,  and  was  often  l^s  than 
in  the  alveolar  air. 

If  we  accept  these  tesults,  we  seem  shut  up  to  the  con- 
clusion that,  in  part  at  least,  this  gas  does  not  pass  through 
the  walls  uf  the  alveoli  by  diffusion,  but  by  an  active  process 
of  secretion  in  the  cells  which  line  them  (Mtiller,  Bohr). 
Others  have  suggested  that  the  absorption  of  oxygen  favours 
the  liberation  of  CO2  by  increasing  the  avidity  of  the  hemo- 
globin for  alkalies  with  which  the  CO^  is  combined.  As  we 
have  seen,  alkalies  do  actually  pass  from  the  plasma  into  the 
corpuscles  under  the  influence  of  oxygen;  and  it  maybe  that 
this  is  a  process  auxiliary  to  secretion  and  diffusion  of  CO*  into 
the  alveoli. 

As  to  the  oxygen,  there  is  the  same  difficulty,  for  its  partial 
pressure  in  the  alveoli  is  not  always,  under  nonnal  conditions, 
as  high  as,  or  higher  than,  that  of  the  arterial  blood  which 
leaves  the  lungs.  Indeed  Bohr  found  that,  in  the  majority 
of  his  observations,  the  oxygen  tension  was  distinctly  greater 
in  the  blood  than  in  the  pulmonary  air.  And  the  fact 
observed  by  Biot  and  Moreau,  that  the  gas  of  the  swim- 
bladder  in  fishes  consists  chiefly  of  oxygen,  and  the  further 
fact  demonstrated  by  Bohr,  that  gas  ceases  to  accumulate 
in  the  organ  when  the  branches  of  the  vagi  going  to  it  are 
cut,  are  additional  evidence  in  favour  of  the  view  that  there 
is,  besides  diffusion,  an  element  of  selective  secretion  in  the 
interchange  of  gases  through  the  pulmonary  membrane. 

The  lungs,  then,  are  the  portal  by  which  oxygen  enters  the 
blood,  and  through  which  carbonic  acid  is  cast  oat.     We 
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have  now  to  see  what  becomes  of  the  oxygen,  and  how  and 
where  the  carbonic  acid  arises. 

The  suggestion  which  Hes  nearest  at  hand,  and  which,  as 
a  matter  of  fact,  was  first  put  forward,  is  that  the  oxygen 
does  not  leave  the  blood  at  all,  but  that  it  meets  with 
oxidizable  substances  in  it,  and  unites  with  their  carbon  to 
form  carbonic  acid.  While  there  is  a  certain  amount  of  truth 
in  this  view,  oxygen,  as  already  mentioned,  being  to  some 
extent  taken  up  by  freshly-shed  blood,  and  also  by  blood 
under  other  conditions,  to  oxidize  bodies,  other  than  haemo- 
globin, either  naturally  contained  in  it  or  artificially  added, 
there  is  no  doubt  that  the  tissues  themselves  arc  the  busiest 
seats  of  oxidation.  This  is  shown  by  the  presence  of 
carbonic  acid  in  large  amount  in  lymph  and  other  liquids 
which  are,  or  have  been,  in  intimate  relation  with  tissue 
elements ;  by  its  presence,  also  in  considerable  amount,  in 
the  tissues  themselves — in  muscle,  for  instance ;  by  its  con- 
tinued and  scarcely  lessened  production  not  only  in  a  frog 
whose  blood  has  been  replaced  by  normal  saline  solution,-, 
but  in  excised  muscles ;  and  by  the  remarkable  connection 
between  the  amount  of  this  production  and  the  functional 
slate  of  those  tissues. 

Lymph,  bite,  urine,  and  the  serous  fluids,  contain  very 
little  oxygen,  but  so  much  carbonic  acid  that  the  pressure 
of  that  gas  in  all  of  them  is  greater  than  in  arterial  blood, 
while  in  lymph  alone  (taken  from  the  large  thoracic  duct) 
has  it  been  found  less  than  that  of  venous  blood  ;  and  it  is 
extremely  probable  that  lymph  gathered  nearer  the  primary 
scats  of  its  production  (the  spaces  of  areolar  tissue)  would 
show  a  higher  proportion  of  carbonic  acid. 

Strassburg  found  that  with  a  pressure  of  carbonic  acid  in 

e  arterial  blood  of  zi  mm.  of  Hg,  the  pressure  in  bile  was 

mm.,  in  peritoneal  fluid  58  mm.,  in  urine  68  mm.,  in  the 

surface  of  the  empty  intestine  58  mm.     Saliva,  pancreatic 

juice,  and  milk,  also  contain  much  carbonic  acidj  and  only 

little,  if  any,  oxygen. 

From  muscle  (to  facilitate  pumping,  the  muscle  is  minced, 
and  often  warmed)  no  free  oxygen  at  all  can  be  pumped  out, 
but  as  much  as  15  volumes  per  100  of  carbonic  acid,  some 
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of  which  is  free,  that  is,  is  given  up  to  the  vacuum  alone, 
while  some  of  it  is  fixed,  and  only  comes  off  after  the  addi- 
tion of  an  acid,  such  as  phosphoric  acid.  If  the  muscle  be 
left  long  in  the  pump  putrefaction  be^ns  to  appear,  and 
this  causes  a  discharge  of  carbonic  acid  which  may  last 
indefinitely. 

Muscle  may  be  safely  taken  as  a  type  of  the  other  tissues 
in  regard  to  the  problems  of  internal  respiration.  It  is 
instructive,  therefore^  to  observe  that  the  great  scarcity  of 
oxygen  in  the  parenchymatous  liquids  which  bathe  the  tissues, 
here  in  the  tissues  themselves  deepens  into  actual  famine. 
The  inference  is  plain.  The  active  tissues  are  greedy  of 
oxygen ;  as  soon  as  it  enters  the  muscle  it  is  seized  and 
'  fixed '  in  some  way  or  other-  The  traces  of  oxygen  in  the 
lymph  cannot  therefore  be  journeying  away  from  the  muscle; 
they  must  have  come  from  another  source,  and  this  can  only 
be  the  blood.  Could  we  gather  lymph  for  analysis  directly 
from  the  thin  sheets  which  lie  between  the  blood  capillaries 
and  the  tissues,  we  might  find  more  oxygen  present  as  well 
as  more  carbonic  acid.  But  if  we  did  find  more  oxygen,  it 
would  still  be  oxygen  in  transit  from  the  capillaries  towards 
places  where  the  partial  pressure  of  oxygen  is  less.  In  the 
lymph,  the  pressure  is  kept  low  by  the  avidity  of  the  tissues 
with  which  it  is  in  contact,  and  possibly  by  the  existence 
in  it  of  oxidizable  substances  which  have  come  from  the 
tissues.  In  the  tissues  there  is  no  partial  pressure  at  all, 
because  the  oxygen  which  reaches  them  is  at  once  stowed 
away  in  some  compound,  in  which  it  has  lost  the  properties 
of  free  oxygen. 

Assuming,  then,  that  at  least  a  great  part  of  the  oxidation 
and  consequent  production  of  carbonic  acid  goes  on  in  the 
tissues,  we  have  yet  to  follow  the  steps  of  the  process,  as  £ar 
as  we  can,  in  the  light  of  our  knowledge  of  the  respiration  of 
muscle. 

EeBpiration  of  Muscle. — Three  methods  have  been  used  to 
determine  the  respiratory  changes  going  on  in  resting 
muscle,  or  to  compare  them  with  those  in  the  excited  state  : 

(i)  The  excised  muRcIes  of  cold-blooded  animals  are 
exposed  for  a  considerable  time  to  an  atmosphere  of  known 
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composition  in  a  small  chamber;  and  the  changes  in  this 
atmosphere  are  then  determined  (G.  Liebig,  Matteucci, 
Hermann). 

(a)  Samples  of  the  blood  coming  to  and  leaving  a  muscle 
of  a  warm-blooded  animal  may  be  taken  in  its  natural 
position,  and  the  gases  analyzed  and  compared  (Uudwig, 
Cbiuveaa  and  Kaufmann). 

(3)  Artiiicial  circulation  may  be  kept  up  through  a  muscle 
or  group  of  muscles  ;  for  example,  through  one  or  both  hind- 
limbs  of  a   dog.      In    the   newest   forms  of  apparatus   for 
artificial  circulation  the  blood  is  oxygenated  in  a  special 
chamber  from  a  graduated  cylinder  containing  oxygen,  and 
the  carbonic   acid   collected   in   baryta   or    caustic   potash 
valves.     The   oxygen   consumption   can   be   read  off  from 
the  cylinder,  and  the  production  of  carbonic  acid  estimated 
t»>' titrating  from  time  to  time  samples  of  the  barj-ta  water 
or  potash  (Von  Frey  and  Gruber,  and  Jacobi).     (Fig.  68.) 
*     By  the  first  of  the^e   methods  a  very  remarkable   fact, 
imoog  others,   has   been  brought   to  light.      It  has   been 
foaod  that  a  frog's  muscle  is  capable  of  going  on  producing 
carbonic  acid,  and  that  at  an    undiminished   rate,   in  the 
entire  absence  of  oxygen,  when  the  chamber,  for  instance^ 
is  filled  with  nitrogen  or  other  indifferent  gas."*riot  only  so, 
hat  it  can  be  made  to  contract  many  times  and  to  perform 
a  comparatively  large  amount  of  work  in  this  oxygen-free 
aiiDosphere, and  to  produce  a  correspondingly  large  quantity 
of  carbonic  acid.     This  leads  us  to  the  very  important  con- 
dosion  that  the  carbonic  acid  does  not  arise,  so  to  speak,  on 
the  spot,  from  the  immediate  union  of  carbon  and  oxygen. 
Oxygen  is  essential  to  muscular  life  and  action.    But  a  stock 
of  it  is  apparently  taken  up  by  the  muscle,  and  stored  in 
some   compound   or  compounds   which   are   broken    down 
doiiog  muscular  contraction,  and  more  slowly  during  rest, 
carbonic  acid  in  both  cases  being  one  of  the  end  products. 
It  is  vety  possible  that  there  may  be  an  ascending  series  of 
bodies  through  which  oxygen  passes  up.  and  a  descending 
series  through  which  it  passes  down,  before  the  final  stage  is 
reached. 
When   muscle  goes  into  rigor   (Chap.   IX.) — and  this  is 


aoS 


.1  A/AAOA/,  or  PnrSWLOGY. 


4>    ,1    .'   l»   U  C   t>      -    ' 

i:  o  3  Qjj*~  ^-^      -  •" 


-  i;  0  K  >.2  „  ^  - 

:5  «-"!  &l^  °  *  p  23 


E -|  ^^o 


-  £^,E  v3  fl  «  c  =>  o     i 
«  Eq.E-  =       --E  =  t  3 


—  5  f^       "  T-  S  *"£.        -ii 

W  -  v_;  *!  5  C  V  iJ  ' 

=  ^.       •-  °  S  - 

"2  a  t.  5    o  *  E^   »-5 


2-e-=  3- 


■3«. 


HESP/RA  TION. 


most  strikingly  seen  when  the  rigor  is  caused  by  raising  the 
lernperature  of  frog's  muscle  to  about  40"*  or  41"  C. — there 
is  a  sudden  increase  in  the  quantity  of  carbonic  acid  gfiven 
i£    Moreover,  in  an  isolated  muscle  the  total  quantity  of 
cartMnic  acid  obtainable  during  rigor  is  less  if  the  muscle 
has  been  previously  tetanized,  and  less,  it  is  said,  by  just 
the  amount  given  out  during  the  contractions  (Hermann). 
From  this  it  has  been  argued  that  the  hypotfaetical  substance 
linogeo).  the  decomposition  of  which  yields  carbonic  acid  in 
contraction,  is   also   the   s^ibstancc   which   decomposes   so; 
rapidly  in   rigor;   that  a  given  amount  of  it  exists  in  the 
muscle  at  the  time  it  is  removed  from  the  influence  of  the 
blood ;  and  that  this  can  all  explode  either  in  contraction 
\or  in  rigor,  or  partly  in  the  one  and  partly  in  the  other. 
y    Many  of  the  older  experiments  made  by  method  (2)  are 
too  inexact  to  yield  more  than  qualitative  results,  and  the 
same  is  true  of  some  of  the  researches  with  the  more  primi- 
tive and  imperfect  methods  of  artificial  circulation.     The 
mere  difference  of  colour  between  the  venous  and  arterial 
blood  of  a  muscle,  or  other  active  organ,   is  sufficient  to 
show  that  oxygen  is  taken  up  and  carbonic  acid  given  out 
by  it  to  the  blood.     This  is  the  case  Iq  muscles  at   rest 
(Bernard    and    many   others),   and   even    in   muscles   with 
artificial  circulation  after  they  have  become  inexcitable. 

In  active  muscles  more  oxygen  is  used  up  and  more 
carbonic  acid  produced  than  in  the  resting  state.  Chauveau 
and  Kaufmann  in  their  experiments  on  one  of  the  muscles 
used  by  the  horse  in  feeding,  found  that  the  cpnsumption  of 
oxygen  and  the  production  of  carbonic  acid  might  be  three 
times  as  great  in  activity  as  in  rest. 

In  the  submaxillary  salivary  gland  there,  was  also  an 
increase  of  carbonic  acid  during  activity  but  not  proportion- 
ally so  great  as  in  muscle.  In  the  active  brain  it  is  not  easy, 
to  demonstrate  any  increase  at  ail  (Hill). 

For  excised  mammalian  muscles  (hind-limbs  of  dog), .as. 
Ims  been  said,  the  respiratory  quotient  increases  when  the 
temperature  is  reduced.  As  the  temperature  is  raised,  the 
opposite  effect  is  observed.  Stimulation  of  the  muscle  causes 
a  rise  in  both  oxygen  consumption  and  carbonic  acid  pro- 
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duction»  but  proportionally  more  in  the  former,  and  the 
respiratory  quotient  diminishes.  When  the  excised  muscle 
begins  to  deteriorate  in  the  course  of  some  hours,  the  con- 
sumption of  oxygen  falls  off  more  quickly  than  the  production 
of  carbonic  acid. 

All  this  goes  to  show  that  the  two  processes  are  to  a  great 
extent  independent  of  each  other.  At  the  higher  tempera- 
tures, during  muscular  contraction,  and  when  the  vitality  of 
the  muscle  is  still  but  little  impaired,  the  conditions  are 
relatively  favourable  to  the  chemical  changes  in  which 
oxygen  is  combined.  Low  temperature,  rest,  and  diminished 
vitality,  are  relatively  favourable  to  the  splitting  up  of  sub- 
stances which  yield  carbonic  acid.  But  it  must  be  re- 
membered that  in  the  intact  organism  the  conditions  are 
different  (p.  i86). 

The  Influence  of  Keapiration  on  the  Blood-pretsnre. — We  have 


Fig.  69. 

Tho  opp«r  tmctng  thowt  the  rcsplralory  movemcDts  In  a  mbbil :  the  next  iradnff 
is  the  blood-prnsure  curve :  I.  inspiration  ;  b,  expiraiion,  locladlDg  the  Faufc;  lime 
trmcc  (the  towcat)  ihows  tecooila. 

already  stated,  in  treating  of  arterial  blood-pressure  (p.  84), 
that  a  normal  tracing  shows  a  series  of  waves  corresponding 
with  the  respirator)'  movements. 

When  the  respiratory  movements  are  recorded  simui- 
taneously  with,  and  immediately  below  the  pressure  curve,  it 
is  seen  that  although  the  mean  blood-pressure  is  falling  for  a 
short  time  at  the  beginning  of  inspiration,  it  soon  reaches  its 
minimum,  then  begins  to  rise,  and  continues  rising  during 
the  rest  of  this  period.  At  the  commencement  of  expiration 
it  is  still  rising,  but  soon  reaches  its  maximum,  begins  to  fall, 
and  continues  falUng  through  the  rest  of  the  expiratory  phase. 

The  explanations  given  of  this  phenomenon  are  many^  but 
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^Hiev  may  all  be  grouped  into  two  divisions,  in  which  nervoits 
"and  muhanical  influences  are   respectively  invoked  as  the 
chief  cause. 

Tlieory  of  Herrous  Inflaences. — Everybody  admits  that  in 
certain  animals  (the  dog,  for  instance),  and  in  man  under 
certain  conditions,  the  rate  of  the  heart  is  greater  during  in- 
spiration, especially  towards  its  end,  than  in  expiration  ;  and 
this  is  due  to  nervous  influence,  For  the  difference  disappears 
^  after  division  of  both  vagi.     Now,  it  might  be  said  that  the 
^^se  of  blood-pressure  during  the  latter  part  of  inspiration  is 
simply  caused  by  the  increased  rale  of  the  heart,  which,  as 
^■^  know,  can  raise  the  blood-pressure.     Nevertheless,  this  is 
^Pnot  the  explanation,  for  the  respiratory  oscillations  persist 
after  section  of  the  vagi,  and  they  are  seen  in  animals  h'ke 
the  rabbit,  in  which  little  or  no  variation  in  the  rate  of  the 
heart  is  connected  with  the  phases  of  respiration. 
Then,  again,  it  has  been  stated  that  in  weakly  curarized 
^m  dogs  which  are  still  able  to  carry  on   rudimentary  move- 
V  mcnts  of  respiration,  fuU-sized  respiratory  oscillations  of  the 
blood-pressure,  with  the  usual  increase  of  the  heart's  rate 
^•daring  inspiration,  coincide  with  these  rudimentary  move- 
^P"ireni3.    Now,   the   latter  cannot   have   an  appreciable  in- 
flueoce  on  the  intra- thoracic  pressure  or  on  the  volume  of 
the  lungs,  the  changes  in  which  are  the  two  great  factors  in 
the  mechanical  explanations;  and  therefore  the  theory  that 
the  cardio-inhibitory  centre  in  the  bulb  is  stimulated  at  the 
same  time  as  the  respiratory  centre  was  advanced.     The 
persistence   of   the   oscillations   after    section   of    the   vagi 
cannot,  however,  be  reconciled  with  this. 
K   ytiitc  a  number  of  observers  have  supposed  that  rhyth- 
^fcical    discharges    from     the     vaso-motor    centre,     either 
automatic  or  due  to  stimulation  of  the  centre  by  the  venous 
blood,  and  causing  a  periodic  increase  and  diminution  in  the 
peripheral    resistance,   are    responsible  for  the  respiratory 
oscillations.     A  great  difficulty  in  the  way  of  this  explana- 
tion  is   that   the  Traube-Hering   curves  (p.    136)  are   not, 
Jess  under  special  conditions  (Fredericq),  synchronous  with 
Bptratory  movements,  nor,  when  both  exist  together,  with 
siratory  oscillations  of  pressure. 
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Mechanical  Theoriet,  —  While  admitting  that  ncrvoas' 
inButinces  may  have  some  share,  we  fall  back  upon  the 
mechanical  changes  as  the  chief  factor ;  and  of  these  there 
are  two  of  special  importance:  (i)  the  changes  of  intra- 
thoracic pressure,  (2)  the  changes  of  vascular  resistance  in 
the  lungs. 

The  intra-thoracic  pressure,  which,  as  we  have  seen,  is 
always  less  than  that  of  the  atmosphere,  unless  during  a 
forced  expiration  when  the  free  escape  of  air  from  the  lungs 
is  obstructed,  diminishes  in  inspiration  and  increases  in 
expiration.  The  great  veins  outside  the  chest,  the  jugular 
veins  in  the  neck,  for  example,  arc  under  the  atmospheric 
pressure,  which  is  readily  transmitted  through  their  thin 
walls,  while  the  heart  and  thoracic  veins  are  under  a  smaller 
pressure.  The  venous  blood  both  in  inspiration  and  ex- 
piration will,  therefore,  tend  to  be  drawn  into  the  right 
auricle.  In  inspiration  the  venous  flow  will  be  increased, 
since  the  pressure  in  the  thorax  is  diminished ;  and  upon 
the  whole  more  venous  blood  will  pass  into  the  right  heart 
during  inspiration  than  during  expiration.  But  all  the  blood 
which  reaches  the  right  heart  during  an  inspiration  is  at 
once  sent  into  the  lungs,  although  not  even  the  first  of  it 
can  have  passed  through  to  the  left  side  of  the  heart  at  the 
end  of  the  inspiration,  since  the  pulmonary  circulation  time 
is  longer  than  the  time  of  a  complete  inspiration  at  any 
ordinary  rate  (three  to  four  seconds  in  a  small  dog,  two  to 
three  seconds  in  a  rabbit).  The  increase  in  the  quantity  of 
blood  pumped  into  thfe  pulmonary  artery  will,  if  not  counter- 
acted by  other  circumstances,  tend  to  raise  the  blood- 
pressure  in  the  artery  and  its  branches,  and  therefore  at 
once  to  accelerate  the  outflow  through  the  pulmonary  vein. 
This  will  be  greatly  aided  if  at  the  same  time  the  vascular 
resistance  in  the  lungs  is  reduced,  as  there  seems  good  reason 
for  believing  is  the  case. 

The  increased  blood-flow  into  the  left  ventricle  will  of  course 
correspond  to  better  filling  of  the  systemic  arteries  ;  that  is, 
to  a  rise  of  arterial  blood-pressure. 

In  expiration  the  contrary  will  happen.  Less  blood  will 
be  drawn  into  the  right  heart,  less  will  be  pumped  into  the 
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pulmonary  artery,  in  which  the  pressure  will,  of  course,  fall. 
The  outflow  into  the  left  auricle  will  thus  be  diminished — 
alt  the  more  as  in  the  expiratory  phase  the  vascular  resist- 
ance in  the  lungs  is  increased — and  the  systemic  arterial 
pressure  will  be  lowered.  Now,  this  is  just  what  is  seen  on 
the  blood-pressure  curve,  except  that  in  both  cases  the  chanfje 
IS  somewhat  belated,  and  does  not  coincide  exactly  with  the 
commencement  of  the  inspiration  or  the  expiration.  But 
I      ihis  delay  may  be  explained  on  several  grounds.     First,  we 

» cannot  expect  the  curve  of  pressure  to  alter  its  course  quite 
Biddenly,  at  the  very  moment  when  the  respiration  changes 
its  phase ;    for   the   change   in   the   blood-flow  through  the 
iongs  must  require  time  to  establish  itself,  in  the  face  of  the 
opposite  tendency  to  which  it  succeeds.     The  same  is  true 
of  the  systemic  arteries,  in  which  at  the  end  of  expiration 
the  movements  of  the   blood   associated   with  the   falling 
pressure  are  going  on.     It  is  impossible  that  they  can  be 
I       checked  at  once ;  inertia  must  carr\'  them  on  into  inspiration. 
The  negative   pressure  of  the    thorax  acts  also  on  the 
aorta,  although,  on  account  of  the  greater  thickness  of  its 
walls,  to  a  much  smaller  extent  than  on  the  thoracic  veins. 
The  diminution  of  pressure  in  inspiration  tends  to  expand 
the  ifltra-thoracic  aorta,  and  to  draw  blood  back  out  of  the 
systemic  arteries,  while  expiration  has  the  opposite  effect. 
And  although  the  hindrance  caused  in  this  way  to  the  flow 
of  hk)od   into    the    arteries    during    inspiration,    and   the 
acceleration  of  the  flow  during  expiration,  cannot  be  great, 
(he  tendency  will  be  to  diminish  the  pressure  in  the  one 
phase  and  increase  it  in  the  other.     As  soon  as  the  changes 
of  pressure  produced  by  alterations  in  the  flow  of  venous 
blood  into  the  chest  and  through  the  lungs  are  thoroughly 
established,  the  slight  arterial  effect  will  be  overborne;  but 
before  this  happens,  that  is,  at  the  beginning  of  inspiration 
and  expiration,  it  will  be  in  evidence,  and  will  help  to  delay 
the  main  change. 
Another  factor  in  this  delay  may  be  found  in  the  changes 
^^  vascular  resistance  and  capacity  which  take  place  in  the 
Hbigs  when  they  pass  from  the  expanded  to  the  collapse  J 
condition. 
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According  to  the  most  careful  of  recent  observations,  the 
expansion  of  the  lungs  in  natural  respiration  causes  i 
widening  of  the  pulmonarj*  capillaries,  with  a  consequent 
increase  of  their  capacity  and  diminution  of  their  resistance, 
(De  Jager).  This  is  supported  by  experiments  on  the 
rabbit,  in  which  the  vessels  at  the  base  of  the  heart  were 
ligatured  either  at  the  height  of  inspiration  or  the  end  of 
expiration,  so  as  to  obtain  the  whole  of  the  blood  in  the 
lungs.  It  was  found  that  the  lungs  invariably  contained 
more  blood  in  inspiration  than  in  expiration  (Heger  and 
Spehl). 

During  inspiration,  as  we  have  seen,  the  right  ventricle  is 
sending  an  increased  supply  of  blood  into  the  pulmonary 
artery;  but  before  any  increase  in  the  outflow  through  the 
pulmonary  veins  can  take  place,  the  vessels  of  the  lung  must 
be  filled  to  their  new  capacity.  The  first  effect,  then,  of  the 
lessened  vascular  resistance  of  the  lungs  in  inspiration  is  a 
temporary  falling  off  in  the  outflow  through  the  aorta,  and 
therefore  a  temporary  fall  of  arterial  pressure.  As  soon  as  a 
more  copious  stream  begins  to  flow  through  the  lungs,  this 
is  succeeded  by  a  rise. 

In  like  manner  the  first  effect  of  expiration,  which 
increases  the  resistance  and  diminishes  the  capacity  of  the 
pulmonary  vessels,  is  to  force  out  of  the  lungs  into  the  left 
auricle  the  blood  for  which  there  is  no  room.  This  causes; 
a  temporar>'  rise  of  arterial  blood-pressure,  succeeded  by  aj 
fall  as  soon  as  the  lessened  blood-flow  through  the  lungs  is 
established.  I 

In  artificial  respiration  oscillations  of  blood-pressure,! 
synchronous  with  the  movements  of  the  lungs,  are  also  seen, 
even  when  the  thorax  is  opened.  In  the  latter  case  there 
are,  of  course,  no  variations  of  intra-thoracic  pressure,  and! 
the  oscillations  must  be  connected  with  the  changes  in  the 
pulmonary  circulation.  The  respiratory  waves  differ  in. 
certain  respects  from  those  in  natural  breathing,  as  might 
be  expected  from  the  very  different  mechanical  conditions. 
During  inspiration  (inflation)  there  is  first  a  small  rise  and 
then  a  large  fall  of  pressure.  In  expiration  (collapse)  there 
is  first  a  slight  fall  and  then  a  great  rise. 
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The  meaning  of  this  is  clearly  seen  when  artificial  respira- 
tion is  stopped  at  the  height  of  inflation  (Fig.  70).  The 
irterial  blood-pressure  then  falls  rapidly,  and  continues  low 
until  the  stock  of  oxygen  is  exhausted  and  the  rise  of 
asphyxia  begins.  When  the  respiration  is  stopped  in 
C(dkpse»  instead  of  a  fall  a  steady  rise  of  pressure  occurs 
(is  in  Fig.  48,  p.  137)-  This  ultimately  merges  in  the 
elevation  due  to  asphy.\ia,  which  shows  itself  sooner  than 
ia inflation,  since  the  lungs  contain  less  air.  The  difference 
in  the  course  of  the  blood-pressure  curve  in  the  two  cases 
immediately  after  stoppage  of  respiration  cannot,  however, 
depend  on  this  latter  circumstance.     It  is  undoubtedly  due 


y**  Tft^ElTXCT    ON    BLOOD-PRCSSURI  or   iNFI.ATrON  OF  THE    LUNGS  (RABBIT). 

^Sciil  rrsptrmUon  slopprd  in  inflaUon  at  i.      Interval  b«>tw«en  a  and  3  fnol  repro- 
^*B4)5i  moods,  during  which  the  curve  was  almost  a  straight  line.     'I1me<tradng 

<0  the  fact  that  in  artificial  inflation  the  vascular  capacity 
iad  resistance  of  the  lungs  are  less  than  in  collapse.  When 
the  tracheal  cannula  is  closed  in  natural  respiration,  no 
ioitial  fall  of  pressure  takes  place  (Fig.  71). 

To  sum  up  the  causes  of  the  respiratory  oscillations  in  the 
arterial  blood-pressure  :  The  changes  of  intra-thoracic  pressure 
mi  tif  iht  vascular  resistance  in  the  lungs  seem  the  most  important 
faeten,  but  mrvous  influences  may  also  play  a  subordinate  part. 

The  respiratory  oscillations  in  the  veins,  as  might  be 
cipected,  run  precisely  in  the  opposite  direction  to  those  in 
the  arteries^  and  so  do  the  Traube-Hering  curves.  The 
iocreased  flow  from  the  veins  to  the  thorax  during  inspira- 
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tion  lowers  the  pressure  in  the  jugular  vein,  while  it 
increases  the  pressure  in  the  carotid.  The  constriction  of 
the  small  bloodvessels  to  which  the  Traube-Hering  curves 
are  due  increases  the  blood-pressure  in  the  arteries,  because 
it  increases  the  peripheral  resistance  to  the  blood-flow  ;  in 
the  veins  it  lowers  the  pressure,  because  less  blood  gets 
through  to  them.  Accordingly,  when  the  Traube-Hering 
curve  is  ascending  in  the  carotid,  it  is  descending  in. the 
jugular. 

The  effects  of  breathing  oondenied  and  rarefied  air  are — (x) 
mechanical,  shown  chiefly  by  changes  in  the  circulation,  in 
the  blood-pressure,  for  instance;  (2)  chemical. 

The  mechanical  effects  difler  according  to  whether  the 
whole  body,  or  only  the  respiratory  tract,  is  exposed  to  the 


Fin.   71.— BlXtOD-PRESSUHK    iHACINii   (RABBir.    L'NDKM    (  III.UHAL). 

Natural  rMpiraiion  slopped  at  I  in  inipiniiion.  at  E  in  Expiniion,  The  mean  blood- 
preuurc  is  scarcely  altered :  but  the  rekpiralory  waves  becumc  much  larcer  owiii(  to 
ibe  aboniTe  etforu  at  breathing.    Time-tracinf  shows  seconds. 

altered  pressure.  When  the  trachea  of  an  animal  is  con- 
nected with  a  chamber  in  which  the  pressure  can  be  raised 
or  lowered,  it  is  found  that  at  first  the  arterial  blood -pressure 
rises  as  the  pressure  of  the  air  of  respiration  is  increased 
above  that  of  the  atmosphere.  But  a  maximum  is  soon 
reached  ;  and  when  respiration  begins  to  be  impeded,  the 
pressure  falls  in  the  arteries  and  increases  in  the  veins. 

When  the  pressure  of  the  air  in  the  chamber  is  diminished 
a  little  below  that  of  the  atmosphere,  there  is  a  slight  sinking 
of  the  arterial  blood-pressure,  which  rises  if  the  air-pressure 
is  further  diminished  (Einbrodt). 

It  is  clear  that  any  change  of  the  air-pressure  which  tends 
to  diminish   the    intra-thoracic    pressure  will    favour  the 
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venoas  return  to  the  heart,  and  therefore,  if  the  exit  of 
blood  from  the  thorax  is  not  proportionally  impeded,  the 
filling  of  the  arteries.  An  increase  in  the  intra-alveolar 
pnssare  must  tend  on  the  whole  to  increase,  and  a  diminu- 
tion in  it  to  lessen,  the  pressure  inside  the  thorax,  which 
aliWYs  remains  equal  to  the  intra-alveolar  pressure,  minus 
the  elastic  tension  of  the  lungs.  Breathing  compressed  air 
should,  therefore,  under  the  conditions  described,  be  upon  the 
whole  unfavourable  to  the  venous  return  to  the  heart  and  to 
the  filling  of  the  arteries,  and  the  arterial  pressure  should  fall ; 
while  breathing  rarefied  air  should  have  the  opposite  effect- 
But  aver)*  great  diminution  of  the  intra-thoracic  pressure  is 
Dot  necessarily  favourable  to  the  circulation. 

Certain  chest  diseases  have  been  treated  by  the  use  of 

apparatus  by  which  the  patient  is  made  to  breathe  either 

compressed  or  rarefied  air;  or  to  inspire  air  at  one  pressure 

lad  to  expire  into  air  at  another  pressure.     And  it  has,  upon 

the  whole,  been  found,  in  agreement  with  theory,  that  con- 

<inised  air  cannot  help  the  circulation  however  it  is  applied, 

bat  always  hinders  it ;  while  rarefied  air  aids  the  circulation 

boih  in  inspiration  and  in  expiration.    But  the  increased  work 

of  the  inspiratory  muscles  may  counterbalance  the  advantage. 

Koisj/paj  expcrimentt  which  is  performed  by  closing  the 

modth  and  nostrils  after  a  previous  inspiration,  and  then 

forcibly  trying  to  expire,  is  an  imitation  of  breathing  into 

compressed  air.     The  intra-thoracic  pressure  is  raised,  it  may 

be.  to  considerably  more  than  that  of  the  atmosphere;  the 

^enous  return  to  the  heart  is  impeded,  and  may  be  stopped ; 

^■d  the  pulse  curve  is  altered  in  such  a  way  as  to  indicate 

oTSt  an  increase  and  then  a  decrease  of  the  arterial  blood- 

pttssure. 

MuiUr's  exf^rhnent^  which  should  be  bracketed  with 
Valsalva's,  consists  in  making,  after  a  previous  expiration,  a 
strong  inspiratory  effort  with  mouth  and  nostrils  closed. 
Here  the  intra-thoracic  pressure  is  greatly  diminished,  more 
blood  is  drawn  into  the  chest,  and  upon  the  whole  effects 
opposite  to  those  of  Valsalva's  experiment  are  produced. 
Neither  experiment  is  quite  free  from  danger. 
When   the   whole    body  is    subjected    to    the    changed 


pressure,  as  in  a  balloon  or  on  a  mountain,  in  a  diving-bell 
or  a  caisson  used  in  building  the  piers  of  a  bridge,  the 
conditions  are  very  different.  For  the  blood-pressure,  the 
intra-thoracic  pressure,  and  the  intra-alveolar  pressure,  all 
fall  together  when  the  pressure  of  the  atmosphere  is 
diminished,  and  all  rise  together  when  it  is  increased.  It  is 
possible  not  only  to  live,  but  to  do  hard  manual  labour,  at 
very  different  atmospheric  pressures.  There  are  towns  on 
the  high  tablelands  of  the  Andes,  and  in  the  Himalayas, 
■where  the  barometric  pressure  is  not  more  than  20  inches, 
yet  the  inhabitants  feel  no  ill  effects.  And  in  the  caissons  of 
the  Forth  Bridge  the  workmen  were  engaged  in  severe  toil 
under  a  maximum  pressure  of  over  three  atmospheres,  while 
in  the  caissons  of  the  St.  Louis  Bridge  in  America  a  maximum 
pressure  of  more  than  four  atmospheres  was  reached,  which 
however,  proved  fatal  in  a  few  cases. 

When  the  air-pressure  is  diminished  below  a  certain 
limit,  death  takes  place  from  asphyxia,  more  or  less  gradual 
according  to  the  rate  at  which  the  pressure  is  reduced.  The 
hiemoglobin  cannot  get  or  retain  enough  oxygen  to  enable 
it  to  perform  its  respiratory  function  ;  its  dissociation  tension 
is  no  longer  balanced  by  an  equal  or  greater  partial  pressure 
of  oxygen  in  the  air.  The  quantity  of  carbonic  acid  in  the 
blood  is  also  lessened.  These  belong  to  the  chemical  effects 
of  changes  of  pressure  in  the  air  of  respiration. 

To  such  changes,  as  well  as  to  the  cold,  some  of  the 
deaths  In  high  balloon  ascents  must  be  attributed.  Messrs. 
Glaisher  and  Coxwell  reached  the  height  of  36,000  feet ;  the 
former  became  unconscious  at  29,000  feet,  but  recovered 
during  the  descent.  The  suddenness  of  a  change  of  pressure 
has  a  good  deal  to  do  with  the  symptoms  it  produces,  as  was 
shown  at  the  Forth  Bridge,  where  the  men  were  more 
liable  to  troublesome  symptoms  while  passing  through  the 
air-lock  connecting  the  caissons  with  the  external  air  than 
either  in  the  caissons  themselves  or  outside. 

When  pressure  is  very  suddenly  lowered,  bubbles  of 
nitrogen,  disengaged  in  the  blood,  may  form  cmboU  and 
cause  death. 

Bert  discovered  the  singular  fact  that  in  pure  oxygen  at  a 
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pressure  of  three  atmospheres,  which  corresponds  to  air  at 
6fteen  atmospheres,  animals  die  in  convulsions.  The  con- 
sumption of  oxygen  and  elimination  of  carbonic  acid  are 
both  much  diminished.  Even  seeds  and  vegetable  organisms 
generally  are  killed  in  a  short  time ;  and  an  atmosphere  of 
pure  oxygen,  equal  to  five  atmospheres  of  air,  hinders  the 
development  of  eggs. 

CataneoQfl  ReipiratioiL — It  has  already  been  remarked  that 
a  frog  sur\'ives  the  loss  of  its  lungs  for  some  time,  respira- 
tion going    on    through   the   skin.     Indeed,   it    has   been 
calcalated  that  in  the  intact  frog  as  much  as  three-quarters 
of  the  total  gaseous  interchange  is  cutaneous.     In  mammals 
^.  the  structure  of  the  skin  is  very  different,  and  respiration  can 
Body  go  on  through  it  to  a  very  slight  extent.     The  amount 
of  carbonic  acid  excreted  in  man,  although  only  about  4  grm. 
j      or  I  litres  in  twenty-four  hours,  is  much  greater  than  cor- 
j      responds  to  the  quantity  of  oxygen  absorbed  through  the 
I      sbo.    It  has  been  asserted,  and  no  doubt  with  justice,  that 
^scme  at   least   of  the   carbonic   acid  given   off  is   due   to 
^PpiitTe&ctive  processes  taking  place  on    the  surface   of  the 
body.    Such  processes  seem  also  responsible  in  part  for  the 
heavy  odour  of  a  'close'  room.     For  no  harmful  products 
!       appear  to    be    exhaled    from    the  skin  when    it  is  properly 
cleaDsed.      In   spite   of   the   romantic    statements  to   the 
contrary  in  ancient  and  modern  books,  the  whole  of  the  skin 
nu)  be  coated  with  an  impermeable  varnish  without  any 
ill  effects.    The  entire  surface  of  the  body  of  a  patient  with 
cutaneous  disease  was  covered  with  tar  and  kept  covered  for 
teoiiays.     There  was  not  the  least  disturbance  of  any  normal 
ninciion  (Senator).     The  harmful  effects  of  varnishing  the 
>^B  Id   animals   are   due,   not   to   retention   of  poisonous 
Kbstances,  but  to  increas<;d  heat  loss.     Varnishing  does  not 
hurt  large  animals  like  dogs,  but  kills  rabbits,  which  have  a 
relatively  great  surface  and  a  delicate  skin.     The  danger  of 
widespread  superficial  burns  is  well  known.     But  it  is  not 
*lae  to  diminished  excretion  by  the  skin,  for  death  occurs 
*hen  large  cutaneous  areas  remain  uninjured.     The  patient 
oearly  always  dies  when   a  quarter   of  the  whole   skin   is 
burnt;  yet  the  remaining  three-quarters  may  surely  be  con- 
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sidered  capable,  from  all  analogy,  of  making  up  the  loss  by 
increased  activity.  One  kidney  is  enough  to  eliminate  the 
products  of  the  nitrogenous  metabolism  of  the  whole  body. 
It  is  difficult  to  sec  why  the  excretion  of  the  trifling  amount 
of  solid  matter  in  the  perspiration  should  be  interfered  with 
by  the  loss  of  25  per  cent,  of  the  sweat-glands.  The  real 
explanation  of  the  serious  effects  of  extensive  superficial 
bums  is  perhaps  the  excessive  irritation  of  the  sensory 
nerves,  which  may  lead  to  changes  in  the  nervous  centres, 
or  reflexly  in  other  organs.  Some  observers  have  supposed 
that  the  chemical  changes  in  the  damaged  tissue,  for 
example  in  the  blood-corpuscles,  may  be  the  cause  of  deatk 
(Hunter). 


Voice  and  Speech. 

YoMw. — Sounds  of  various  kinds  are  frequently  produced 
by  the  movements  of  animals  as  a  whole,  or  of  individual 
organs.  The  muscular  sound,  the  sounds  of  the  heart  and 
of  respiration,  we  have  already  had  to  speak  of.  Such 
sounds  may  be  considered  as  purely  accidental  as  the  foot- 
fall of  a  man  or  the  buzzing  of  a  fly.  The  wings  of  an  insect 
beat  the  air,  not  to  cause  sound,  but  to  produce  motion; 
the  respiratory  murmur  is  a  mere  indication  that  air  is  find* 
ing  its  way  into  the  lungs,  it  is  in  no  way  related  to  the 
oxidation  of  the  blood  in  the  pulmonary  capillaries.  But  in 
many  of  the  higher  animals  mechanisms  exist  which  are 
specially  devoted  to  the  utterance  of  sounds  as  their  prime 
and  proper  end.  In  man  the  voice-producing  mechanism 
consists  of  a  triple  series  of  tubes  and  chambers:  (1)  The 
trachea,  through  which  a  blast  of  air  is  blown  ;  (2)  the 
larynx,  with  the  vocal  cords,  by  the  vibrations  of  which 
sound  waves  are  set  up ;  and  (3)  the  upper  resonance 
chambers,  the  pharynx,  mouth,  and  nasal  cavities,  in  which 
the  sounds  produced  in  the  lar>'nx  are  modified  and  in- 
tensified, and  in  which  independent  notes  and  noises  arise. 

The  larynx  is  a  cartilaginous  box,  across  which  are 
stretched,  from  front  to  back,  two  thin  and  sharp-edged 
membranes,  the  (true)  vocal  cords.     In  front  the  cords  arc 
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attached  to  the  thyroid  cartilage,  one  a  little  to  each  side  of 
the  middle  line  ;  behind,  they  are  connected  to  the  vocal  or 
anterior  processes  of  the  pyramidal  arytenoid  cartilajjes. 
Tbc  thyroid  and  the  two  arytenoids  are  mounted  upon  a 
cartilaginous  ring,  the  cricoid*  on  which  the  former  can  rotate 
about  a  transverse  horizontal  axis,  the  latter  around  a  vertical 
Mis.  The  thyroid  can  thus  be  depressed  by  the  contraction 
of  the  crico-thyroid  muscle,  and  the  vocal  cords  stretched, 
Bythe  pull  of  the  posterior  crico-arytenoid  muscles,  attached 
to  the  external  or  muscular  processes  of  the  arytenoid 
cartilages,  the  vocal  processes  are  rotated  outwards,  the 
cords  separated  from  each  other  or  abducted,  and  the  chink 
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which       abduct      the 
Vocal  Coho^ 

Dotted  lioM  tbow  posiuon  in 
abdDcliofi. 


Fig.    73  —  Direction    or 
i-CLL  or  THE   Lateral 

CH  I  CU-AkYTKNOII>S. 
WHICH        AimUCT        THK 

Vocal  Cords. 

Dotted  linn  show  poMiion  in 
adductioD. 


between  them,  the  rima  glottidis,  widened.     When  the  vocal 
processes  are   approximated   by  contraction  of  the  lateral 
crico-arj-tenoid  muscles  and  the  consequent  forward  move- 
ment of  the  muscular  processes,  the  vocal  cords  are  brought 
closer  together,  or  adducted,  and  the  rima  is  narrowed.     The 
transverse   or  posterior  arytenoid  muscle,  which  connects 
lie  two  arytenoid  cartilages  behind,  also  helps  by  its  contrac- 
lioo  to  narrow  the  glottis  by  shifting  the  cartilages  on  their 
articalar  surfaces  somewhat  nearer  the  middle  line.     Running 
to  each  vocal  cord,  and,  in  fact,  incorporated  with  its  elastic 
titsue.  is  a  muscle,  the  thyro-arytenoid,  the  external  portion 
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of  which  may  to  some  extent  cause  inward  rotation  of  the 
vocal  processes  and  adduction  of  the  cords ;  but  the  main 
function,  at  least  of  its  inner  part,  is  to  alter  the  tension  of 
the  cords.  The  diagrams  in  Figs.  72  and  73  illustrate  the 
action  of  the  abductors  and  adductors  of  the  vocal  cords. 

The  crico-thyroid  muscle  and  the  deflectors  of  the  epi- 
glottis are  supplied  by  the  superior  laryngeal  branch  of  the 
vagus,  which  also  contains  the  sensory  fibres  for  the  mucous 
membrane  of  the  larynx  above  the  vocal  cords.  All  the 
other  intrinsic  muscles  are  supplied  by  the  recurrent  laryn- 
geal branch  of  the  vagus.  It  receives  these  motor  fibres 
from  the  spinal  accessory;  and  supplies  sensory  fibres  to  the 
mucous  membrane  of  the  larynx  below  the  vocal  cords  and 
to  the  trachea. 

The  voice  is  produced,  like  the  sounds  of  a  reed  instru- 
menti  by  the  rhythmical  interruption  of  an  expiraton,^  blast 
of  air  by  the  vibrating  vocal  cords.  When  a  bell  is  struck 
vibrations  are  set  up  in  the  metal,  which  are  communicated 
to  the  air.  It  is  not  the  same  with  the  vibrations  of  the 
vocal  cords ;  if  they  were  plucked  or  struck,  they  would  only 
produce  a  feeble  note.  The  air  in  the  mouth,  pharynx,  and 
lar>'nx  is  the  real  sounding  body  ;  a  pulse  of  alternate  rare- 
faction and  condensation  is  set  up  in  it  by  the  interference, 
at  regular  intervals,  of  the  vocal  cords  with  the  expiratory 
blast.  Forced  abruptly  from  their  position  of  equilibrium 
as  the  blast  begins,  they  almost  immediately  regain  and 
pass  below  it,  in  virtue  of  their  elasticity,  and  continue 
to  vibrate  as  long  as  the  stream  of  air  continues  to  issue  in 
sufficient  strength.  The  sound  waves  thus  set  up  spread 
out  on  every  side,  impinge  on  the  tympanic  membrane,  set 
it  quivering  in  response,  and  give  rise  to  the  sensation  of 
sound. 

We  may  say,  in  a  word,  that  the  whole  exquisite 
mechanism  of  cartilages,  ligaments,  and  muscles,  has  for  its 
object  the  production  of  a  sufficient  pressure  in  the  blast  of 
air  driven  through  the  windpipe  by  an  expiratory  act,  and 
of  a  suitable  tension  in  the  vibrating  cords.  An  approxima- 
tion of  the  cords,  a  narrowing  of  the  glottis,  is  essential 
to  the  production  of  voice ;  with  a  widely-opened  glottis  the 
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air  escapes  too  easily,  and  the  necessary  pressure  cannot  be 
attained.  The  pressure  in  the  windpipe  was  found  in  a 
woman  with  a  tracheal  fistula  to  be  about  12  mm.  Hg  for  a 
note  of  medium  height,  about  15  mm.  for  a  high  note,  and 
about  72  mm.  for  the  highest  possible  note.  The  period 
of  vibration  of  structures  like  the  vocal  cords  depends  on 
their  length  and  tension;  the  shorter,  thinner,  more  tense 
and  less  dense  a  stretched  string  is,  the  greater  is  the 
vibration  frequency,  the  higher  the  note.  In  the  child  the 
cords  are  short  (6  to  8  mm.),  in  woman  longer  (10  to 
15  mm.  when  slack,  15  to  20  mm.  when  stretched),  in  man 
loagest  of  all  (15  to  20  mm.  in  the  relaxed,  and  20  to 
23  min.  in  the  stretched  position);  and  the  lower  limit  of 
tlie  voice  is  fixed  by  the  maximum  length  of  the  relaxed 
cords.  A  boy  or  a  woman  cannot  utter  a  deep  bass  note, 
because  their  vocal  cords  are  relatively  short,  and  do  not 
vibrate  with  sufficient  slowness.  It  is  true  that  by  the  action 
of  the  crico-thyroid  muscle  the  cords  can  be  lengthened, 
lod  that  the  maximum  length  in  a  woman  approaches  or 
exceeds  the  minimum  length  in  a  man.  But  the  lengthening 
of  the  vocal  cords  in  one  and  the  same  individual  is  always 
accompanied  by  other  changes — increase  of  tension,  decrease 
of  breadth  and  thickness— which  tell  upon  the  vibration 
frequency  in  the  opposite  way,  and  more  than  compensate 
the  effect  of  the  increase  of  length.  So  that  when  the 
highest  notes  are  uttered,  the  cords  are  not  only  in  the 
position  of  greatest  tension,  but  also  in  the  position  of 
greatest  length.  The  range  of  an  ordinary  voice  is  2 
octaves;  by  training  2J  octaves  can  be  reached;  but  in 
exceptional  cases  a  range  of  3,  and  even  3^,  octaves  has 
been  known. 

T\[^  pitch  of  a  note,  while  it  depends  chiefly,  as  has  been 
said,  on  the  tension  of  the  vocal  cords,  rises  and  falls  some- 
what with  the  strength  of  the  expiratory'  blast  :  the  highest 
ootes  are  only  reached  with  a  strong  expiratory  effort.  The 
imicnsity  of  all  sounds  is  determined  by  the  strength  of  the 
blast,  for  the  amplitude  of  vibration  of  the  vocal  cords  is 
proportional  to  this.  Besides  pitch  and  intensity,  the  ear 
can  still  distinguish  the  quality  or  timbre  of  sounds  ;  and  the 
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explanation  is  as  follows:  Two  simple  tones  of  the  same 
pitch  and  intensity,  that  is,  the  sounds  caused  by  two  air- 
waves of  the  same  period  and  amplitude — of  the  same  fre- 
quency and  height,  if  these  terms  seem  simpler — would 
appear  absolutely  identical  to  the  sense  of  hearing ;  just  as 
the  aerial  disturbances  on  which  they  depend  would  be 
absolutely  alike  to  any  physical  test  that  could  be  applied. 
But  no  musical  instrument  ever  produces  sound-waves  of 
one  definite  period,  and  one  only  :  and  the  same  is  true  of 
the  voice.  When  p.  stretched  string  is  displaced  in  any 
way  from  its  position  of  rest,  it  is  set  into  vibration  :  and 
not  only  does  the  strinj;  vibrate  as  a  whole,  but  portions  of 
it  vibrate  independently  and  give  out  separate  tones.  The 
tone  corresponding  to  the  vibration  period  of  the  whole 
string  is  the  lowest  of  all.  It  is  also  the  loudest,  for  it  is 
more  difficult  to  set  up  quick  than  slow  vibrations.  The  ear 
therefore  picks  it  out  from  all  the  rest ;  and  the  pitch  of  the 
compound  note  is  taken  to  be  the  pitch  of  this,  its  funda- 
mental tone.  The  others  are  called  partial  or  over-tones, 
or  harmonics  of  the  fundamental  tone,  their  vibration 
frequency  being  twice,  three  times,  four  times,  etc.,  that  of 
the  latter.  Now,  the  fundamental  tone  of  a  compound  note 
or  clang  produced  by  two  musical  instruments  may  be  the 
same,  while  the  number,  period  and  intensity  of  the  har- 
monics are  different ;  and  this  difference  the  ear  recognises 
as  a  difference  of  timbre  or  quality.  The  timbre  of  the 
voice  depends  for  the  most  part  on  partial  tones  produced 
or  intensified  in  the  upper  resonance  chambers. 

A  great  deal  of  our  knowledge  as  to  the  mode  and 
mechanism  of  the  production  of  voice  has  been  acquired  by 
means  of  the  laryngoscope  {^\%.  74).  This  consists  of  a  small 
plane  mirror  mounted  on  a  handle,  which  is  held  at  the 
back  of  the  mouth  in  such  a  position  that  a  beam  of  light, 
reflected  from  a  larger  concave  mirror  fastened  on  the  fore- 
head of  the  observer,  is  thrown  into  the  larynx  of  the 
patient.  The  observer  looks  through  a  hole  in  the  centre  of 
the  large  mirror;  and  a  reversed  image  of  the  interior  of 
the  larynx  is  thus  seen  in  the  small  mirror,  the  arytenoid 
cartilages  appearing  in  front,  the  thyroid  behind,  and  the 
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V  vocal  cords  stretching  between.  The  small  mirror  is  warmed 
"  to  body  temperature  before  being  introduced,  so  as  to 
prevent  the  condensation  of  moisture  on  it.  And  the 
tendency  lo  retch  which  is  caused  by  contact  of  the  instru- 
ment with  the  soft  palate  may  be  removed  or  lessened  by 
tile  application  of  a  solution  of  cocaine. 

Examined  with  the  laryngoscope  during  quiet  respiration, 
the  Ktottis  is  seen  to  be  moderately,  though  not   widely, 
open.    Although  the  portion  between  the  arytenoid  carti- 
fages  has  received  the  name  of  glottis  respiratoria.  in  con- 
tradistinction to  the  glottis  vocalis  between  the  vocal  cords. 


I 


tKl<3.  7+— DlACKAW  or  Lakvhgoscupe. 
c  rima  in  its  whole  extent  from  front  to  back  is  really  con- 
med  in  the  respiratory  act.  In  expiration  the  vocal  cords 
come  nearer  to  the  middle  line,  and  the  glottis  is  narrowed  ; 
ifl  deep  inspiration  they  are  widely  separated,  and  the  rings 
^^the  trachea,  and  even  its  bifurcation,  may  be  disclosed  to 
^^eH'.  When  a  sound  is  produced,  a  note  sung,  for  example, 
the  cords  are  approximated  (Figs.  75  and  76)  ;  and  with  a 
high  note  more  than  with  a  low. 

The  essential  difference  between  the  production  of  notes 
in  the  lower  register,  or  chest  voice,  and   in  the  higher 
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register,  or  falsetto,  has  been  much  debated.  The  lowest 
notes  which  can  be  uttered  by  any  given  voice  are  chest 
notes,  the  highest  are  falsetto  notes  ;  but  there  is  a  debatable 
land  common  to  both  registers,  and  medium  notes  can  be  sun^ 
either  from  the  chest  or  from  the  head.  Chest  notes  impart 
a  vibration  or  fremitus  to  the  thoracic  walls»  from  the  reso- 
nance of  the  lower  air-chambers,  the  trachea  and  bronchi ; 
and  this  can  be  distinctly  felt  by  the  hand.  In  head  notes 
or  falsetto  the  resonance  is  chiefly  in  the  upper  cavities,  the 
pharynx,  mouth,  and  nose.  As  to  the  mechanical  conditions  in 
the  larynx,  there  is  a  pretty  general  agreement  that  during  the 


Fig.    75.  —  Position    or    the 

Ol.orTiS      PKKLtMINAKV     TO 
TUE  VmLlCANCE  OF  SOVND. 

n,  Tftbe  vocal  cord  ;  n,  in:e 
voc;U  cord  ;  jr.  oryieooid  cartl. 
Uc« ;  i,  pad  of  the  cpiglottu. 


Fic.  76.— PosrrioM  oi'  orew  GLcms. 

/,  lonEUc;  e.  epiglottis:  at.  ary- 
cpiBloUideaQ  fold  ;  c.  cartilage  of 
Wnsberg  ,  dr.  arytenoid  curtilage  :  «, 
gloiiis:  t'.  ventricle  of  Morfagnl :  ft, 
true  vocal  cord  ;  /j,  Iklse  vocal  cord. 


production  ot  falsetto  notes  the  vocal  cords  are  less  closely 
approximated  than  in  the  sounding  of  chest  notes.  The 
escape  of  air  is  consequently  more  rapid  in  the  head  voice» 
and  a  falsetto  note  cannot  be  maintained  so  long  as  a  note 
sung  from  the  chest-  But  it  is  only  the  anterior  part  of  the 
rima  glottidis  that  is  wider  in  the  falsetto  voice;  the  whole  of 
the  glottis  respiratoria,  and  even  the  posterior  portion  of  the 
glottis  vocalis,  are  closed  during  the  emission  of  falsetto 
notes. 

Oertel  has  stated,  and  the  statement  has  been  confirmed 
by  others,  that  the  free  edge  of  the  vocal  cord  alone  Wbratcs 
in  the  falsetto  voice,  one  or  more  nodes  or  motionless  lines 
parallel  to  the  edge  being  formed  by  the  contraction  of  the 
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<vsophageaJ   movements ;    although   under  certain   circum- 

slxDces  an  excised  portion  of  the  tube  may  go  on  contracting 

in  the  characteristic   way   after   removal   from   the   body. 

^teain,  the  peristaltic  wave  when  artificially  excited  seems 

^nrav's  under  normal  conditions  to  travel  doum  the  oesophagus, 

Hiever  to  spread   upwards  or   in   both  directions,  as   may 

^Ittppcn  in  the  intestine.     In  vomiting,  however,  there  must 

be  2   reverse    peristalsis.     Stimulation    of    the    mucous 

membrane  of  the  pharynx  will  cause  reflex  movements  of 

the  cEsophagus,   while    stimulation    of    its    own    mucous 

membrane  is  ineffective.     From  these  facts  we  learn  that 

ihhoagh  the  muscle  of  the  cesophagus  may  possess  a  feeble 

power  of  spontaneous   peristaltic  contraction,  yet   this   is 

,     o$ially  in  abeyance,  or  at  least  overmastered  by  nervous 

I    CODlrol;  so  that  impulses,  passing  from  a  nerve  centre  and 

f    travelling  down  in  regular  progression  along  the  oesophageal 

I     nenrcs,  excite  the  muscular  libres  in  succession  from  the 

upper  to  the  lower  end  of  the  tube. 

The    centre    for     the    whole    involuntarj*    stage    (both 

pharyngeal  and  oesophageal)  of  deglutition  lies  in  the  upper 

put  of  the  medulla  oblongata,  a  little  above  the  rcspirator>' 

ctatie.    When  the  brain  is  sliced  away  above  the  medulla 

deglutition  is   not   affected,  but   if  the   upper  part  of  the 

ro«dalla  is  removed,  the  power  of  swallowing  is  abolished. 

Ionian  disease  of  the  spinal  bulb  interferes  far  more  with 

L^eglutition  than  disease  of  the  brain  proper. 

^R  Normally  the  afferent  impulses  to  the  centre  are  set  up  by 

Hne  contact  of  food  or  saliva  with  the  mucous  membrane  of 

^the  posterior  part  of  the  tongue,  the  soft  palate  and  the 

&OCCS,  the  nerve-channels  being  the  superior  laryngeal,  the 

phiiyngeal  branches  of  the  vagus,  and  the  palatal  branches 

oftheftfth  nerve.     Artificial  stimulation  of  the  central  end 

'*f  the  superior  laryngeal  will  cause  the  movements  of  degluti- 

tioQ  independently  of  the  presence  of  food  or  liquid  ;  but  if 

central  end  of  the  glosso-pharyngeal  nerve  be  stimulated 

the  same  time,  the  movements  do  not  occur.    Theglosso- 

fngeal  is  therefore  able  to  inhibit  the  deglutition  centre, 

h  is  probably  owing  to  the  action  of  this  nerve  that  in  a 

of  efforts  at  swallowing,  repeated  within  less  than  a 

16 
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certain  short  interval  (about  a   second),  only  the  last  ir 
successful. 

The  efferent  nerves  of  the  reflex  act  of  deglutition  are  the 
hypoglossal  to  the  tongue  and  the  thyro-hyoid  and  other 
muscles  concerned  in  raising  the  larynx  ;  the  glosso-phar>'n- 
geal,  vagus,  facial  and  fifth  to  the  muscles  of  the  palate, 
fauces,  and  pharynx;  and  the  vagus  to  the  larynx  and 
oesophagus.  Section  of  the  vagus  interferes  with  the  passage 
of  food  along  the  oesophagus  ;  stimulation  of  its  peripheral 
end  causes  oesophageal  movements. 

MovementB  of  the  Stomacli  and  Intestines. — Here  the  peri- 
staltic movements  become  nmch  more  independent  of  the 
nervous  system,  and  much  more  dependent  upon  the  con- 
tinuity of  the  muscular  tissue  than  in  the  oesophagus.  In 
the  stomach  the  arrangement  of  the  muscular  fibres  is  such 
that  the  peristaltic  waves  do  not,  as  a  rule,  travel  right  down 
from  the  cardiac  to  the  pyloric  end,  but  spread  out  in  a  more 
irregular  fashion,  giving  rise  to  the  so-called  churning  move- 
ments. When  the  stomach  is  empty  it  is  contracted  and 
at  rest.  The  presence  of  food  causes  churning  movements 
to  begin,  which,  feeble  at  first,  become  stronger  and  stronger 
as  digestion  proceeds.  By  these  movements  the  food  is 
worked  up  thoroughly  with  the  gastric  juice.  Kept  in 
constant  circulation,  it  gradually  becomes  reduced  to  a 
semi-liquid  mass,  the  chyme,  which  is  at  inter\'als  driven 
against  the  pylorus  by  strong  and  regular  peristaltic  con- 
tractions of  the  lower  end  of  the  stomach,  the  sphincter 
relaxing  from  time  to  time  by  a  sort  of  reflex  inhibition  to 
admit  the  better-digested  portions  into  the  duodenum.  The 
peristaltic  movements  of  the  small  intestine  are  the  most 
typical  of  their  kind.  Normally,  the  constriction  travels 
always  down  the  tube,  squeezing  the  contents  before  it,  and 
the  wave  ends  at  the  ileo-cecal  valve,  which  separates  the 
small  intestine  from  the  large.  But  under  certain  conditions, 
a  reverse  or  anti-peristalsis  is  set  up  even  in  the  intact  body, 
and  by  artificial  stimulation  it  is  easy  to  excite  peristaltic 
waves,  which  travel  in  both  directions.  The  movements  of 
the  large  intestines  do  not  differ  essentially  from  those  of  the 
sinail.     They  start  at  the  iteo-csecal  valve  and  travel  down- 
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wards,  but  do  not  normally  reach  the  rectum,  which,  except 
during  defaecation,  remains  at  rest. 

Inflnenoe  of  Kerres  on  the  Oastro-inteatinELl  Kovements. — As 
we  have   said,    these   movements   are   much    less    closely 
dependent  on  the  nervous  system   than  are  those  of  the 
cesopbagus ;  they  can  go  on  when   the  nervous  connections 
are  cat ;   they  cannot  spread  when  the  continuity  of  the 
muscle  is  destroyed,  and  the  mere  presence  of  food  will 
excite  them  when  reflex  action  has  been  excluded  by  section 
of  the  ner\'es.      Nevertheless,   the    nervous    system    does 
exercise  some  influence  in  the  way  of  regulation  and  control, 
if  not  in  the  way  of  direct  initiation  of  the  movements,  and 
the  swallowing  or  even  the  smell  of  food  has  been  observed 
to  strengthen  the  contractions  of  a  loop  of  intestine  severed 
from  the  rest,  but  with  its  nerves  still  intact.     The  vagus  is 
the  efferent  channel  of  this  reflex  action  :  stimulation  of  its 
peripheral  end  may  cause  movements  of  all  parts  of  the 
alimentary  canal  from  ccsophagus  to   large   intestine,  and 
may  strengthen  movements  already  going  on  ;  but  section  of 
it  does  not  stop  them,  nor  hinder  the  food  from  causing 
pcnstalsis  wherever  it  comes.     It  is  only  the  distant  and 
ftflex  action  of  food  which  division  of  the  vagi  can  abolish ; 
and  we  do   not  know  to  what  extent  the  movements  of 
normal  digestion  are  directly  excited,  and  to  what  extent 
they  are  reflex.     The  splanchnic  nerves  contain  fibres  by 
which  the  intestinal  movements  can  be  inhibited,  but  they 
ire  certainly  not  always  in  action,  for  section  of  these  nerves 
Itas  no  distinct  effect  upon  the  movements,  in  spite  of  the 
vascular  dilatation  which  it  causes.     On  the  other  hand, 
stimulation    of  the   peripheral   end   of  the  cut  splanchnic 
asBalIy»  but  by  no  means  invariably,  causes  arrest  of  the 
peristalsis.      Occasionally,   however,   it    has    the    opposite 
rfect.     We  have  no  evidence  that  the  ganglion-cells  in  the 
walla  of  the  alimentary  canal  are  either  automatic  or  reflex 
centres  for  its  movements. 

The  lower  part  of  the  large  intestine  is  influenced  by  the 
sacral  nerves  (second,  third  and  fourth  sacral  in  the  rabbit). 
and.by  certain  lumbar  nerves,  in  the  same  way  as  the  higher 
s  of  the   alimentary  canal,  and   particularly  the  small 


344 


A  MANUAL  OF  PHYSiOLOCY, 


intestine,  are  influenced  by  the  vagus  and  the  splanchnics. 
Stimulation  of  these  sacral  nerves  within  the  spinal  canal 
causes  contraction,  tonic  or  peristaltic,  of  the  descending 
colon  and  rectum  ;  stimulation  of  the  lumbar  nerves  or  of 
the  portions  of  the  sympathetic  into  which  their  \'isceral 
fibres  pass  (lumbar  sympathetic  chain  from  second  to  sixth 
ganglia,  or  the  rami  from  it  to  the  inferior  mesenteric 
ganglia),  causes  inhibition  of  the  movements,  preceded,  it 
may  be,  by  a  transient  increase. 

Stimulation  of  the  sacral  nerves  causes  or  increases  the 
contraction  of  both  coats  of  the  descending  colon  and 
rectum,  stimulation  of  the  lumbar  nerves  inhibits  both. 
And  in  the  small  intestine  the  same  law  holds  good  ;  the 
two  coats  are  contracted  together  by  the  action  of  the 
vagus,  or  inhibited  together  by  that  of  the  splaachnics 
(Langley).  With  the  establishment  of  these  facts  an  in- 
genious theory,  originated  by  V.  Basch  and  adopted  by 
Gaskell,  falls  to  the  ground.  They  supposed  that  the  same 
nerve  which  causes  contraction  of  the  circular  coat  in  all 
tubes  whose  walls  are  made  up  of  two  layers  of  muscle, 
also  contains  fibres  that  bring  about  inhibition  of  the 
longitudinal  coat,  and  vice  rcrsa.  It  was  suggested  that 
in  this  way  antagonism  between  the  two  coats  was  pre- 
vented. 

Some  drugs,  such  as  str)'chnia,  stimulate  peristaltic  move- 
ments by  acting  through  the  central  nervous  system  ;  others, 
like  nicotine  and  muscarine,  by  acting  directly  on  the  intes- 
tine. Atropia  antagonizes  the  action  of  muscarine,  and 
morphia  that  of  nicotine,  in  both  cases  by  local  iuHuencc; 
but  after  morphia  the  intestinal  walls  are  steadily  contracted, 
not  relaxed.  An  isolated  loop  of  intestine,  fed  with  properly 
oxygenated  blood,  remains  altogether,  or  nearly,  at  rest ;  if 
the  blood  is  allowed  to  become  venous,  vigorous  movements 
begin. 

Defaecation  is  partly  a  voluntary  and  partly  a  reflex  act- 
But  in  the  infant  the  voluntary  control  has  not  yet  been 
developed;  in  the  adult  it  may  be  lost  by  disease;  in  an 
animal  it  may  be  abolished  by  operation,  and  in  each  case 
action  becomes  wholly  reflex.     In  the  normal  course  of 
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events,  the  rectam,  which  is  empty  and  quiescent  in  the 
intervals  of  defsccation,  is  excited  to  contraction  as  soon  as 
faces  begin  to  enter  it  through  the  sigmoid  flexure,  and  the 
sensations  caused  by  their  presence  give  rise  to  the  desire  to 
empty  the  bowels.  This  desire  may  for  a  time  be  resisted 
bythe  wll,  or  it  may  be  yielded  to.  In  the  latter  case  the 
abdominal  muscles  are  forcibly  contracted,  and  the  glottis 
being  dosed,  the  whole  effect  of  their  contraction  is  ex- 
pended in  raising  the  pressure  within  the  abdomen  and  pelvis, 
and  so  driving  the  faeces  from  the  colon  to  the  rectum.  The 
sphincter  aoi  is  now  relaxed  by  the  inhibition  of  a  centre  in 
tlie  lumbar  portion  of  the  spinal  cord,  through  the  activity 
of  which  the  tonic  contraction  of  the  sphincter  is  normally 
Diaiwained.  Tliis  relaxation  is  partly  voluntary,  the  im- 
pulses that  come  from  the  brain  acting  probably  through  the 
medium  of  the  lumbar  centre  ;  but  in  the  dog,  after  section 
of  the  cord  in  the  dorsal  region,  the  whole  act  of  defeca- 
tion, including  contraction  of  the  abdominal  muscles  and 
relaxation  of  the  sphincter,  still  takes  place,  and  here  the 
process  must  be  purely  reflex.  The  contraction  of  the 
levatores  ani  helps  to  resist  over-distension  of  the  pelvic 

^    floor  and  to  pull  the  anus  up  over  the  fffices  as  they  escape. 

H      Vomiting. — We  have  seen  that  under  normal  conditions 
the  movements  of  the  alimentary  canal  always  tend  to  carry 
"fefood  in  one  definite  direction,  along  the  tube  from  the 
"WBth  to  the  rectum.     The  peristaltic  waves  generally  run 
wily  in  this  direction,  and,  further,  regurgitation  is  prevented 
attliree  points  by  the  cardiac  and  pyloric  sphincters  of  the 
stomach  and  the  ileo-cxcal  valve.     But  in  certain  circum- 
stances the  peristalsis  may  be  reversed,  one  or  more  of  the 
ffuarded   orifices   forced,   and   the   onward    stream   of  the 
intestinal  contents  turned  back.    In  obstruction  of  the  bowel, 
the  fJEcaJ  contents  of  the  large  intestine  may  pass  up  beyond 

Hlbe  ileo-CKcal  valve,  and,  reaching  the  stomach,  be  driven 

^By  an  act  of  vomiting  through  the  cardiac  orifice  ;  in  what  is 
called  'a  bilious  attack,'  the  contents  of  the  duodenum  may 
pass  back  through  the  pylorus  and  be  ejected  in  a  similar 
way  ;  or,what  is  by  far  the  most  common  case,  the  contents  , 
of  the  stomach  alone  may  be  expelled.  1 
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Vomiting  is  usually  preceded  by  a  feeling  of  naasea  and  * 
rapid  secretion  of  saliva,  which  perhaps  seizes,  by  means  of 
the  air  carried  down  with  it  when  swallowed,  to  dilate  the 
cardiac  orifice  of  the  stomach,  but  may  be  a  mere  by-play  of 
the  reflex  stimulation  bringing  about  the  act.  The  dia- 
phragm is  now  forced  down  upon  the  abdominal  contents, 
the  glottis  closed,  and  the  abdominal  muscles  strongly  coo- 
iracted.  At  the  same  time  the  stomach  itself  contracts,  the 
cardiac  orifice  relaxes,  and  the  gastric  contents  are  shot  up 
into  the  pharynx,  and  issue  by  the  mouth  or  nose.  Either 
the  stomach  alone  or  the  diaphragm  and  abdominal  muscles 
alone,  or  the  diaphragm  and  stomach  together,  without  the 
abdominal  muscles,  can  carry  out  the  act  of  vonuting.  For 
an  animal  in  which  the  phrenic  and  intercostal  nerves  have 
been  cut  can  still  vomit ;  so  can  an  anirnal  whose  stomach 
has  been  replaced  by  a  bladder  ;  and  Hilton  saw  that  a  mao 
who  lived  fourteen  years  after  an  injury  to  the  spinal  cord 
at  the  height  of  the  sixth  cervical  nerve,  which  caused  com- 
plete paralysis  below  that  level,  could  vomit,  though  with 
great  difficulty.  In  a  young  child,  in  which  very  slight 
causes  will  induce  vomiting,  the  stomach  alone  con 
during  the  act. 

The  nerve  centre  is  in  the  medulla  oblongata.  It  may  be 
excited  by  many  afferent  channels:  irritation  of  the  fauces 
or  pharynx,  of  the  stomach  or  intestines  (as  in  strangulated 
hernia),  of  the  liver  or  kidney  (as  in  cases  of  gallstone  or 
renal  calculi),  of  the  uterus  or  ovary,  and  of  the  brain  (as 
in  cerebral  tumour),  are  all  capable  of  causing  vomiting 
impulses  passing  from  them  to  the  vomiting  centre. 

The  vagus  nerve  in  man  certainly  contains  afferent  fibrS 
by  the  stimulation  of  which  this  centre  can  be  excited,  for  it 
has  been  noticed  that  when  the  vagus  was  exposed  in  the 
neck  in  the  course  of  an  operation,  the  patient  vomited 
whenever  the  nerve  was  touched  (Boinet,  quoted  by 
Gowers).  In  meningitis,  vomiting  is  often  a  prominent 
symptom,  and  is  sometimes  due  to  irritation  of  the  vagus 
nerve  by  the  inflammatory  process. 

Some  drugs  act  as  emetics  by  irritating  surfaces  in  which 
efficient  afferent  impulses  may  be  set  up,  the  gastric  mucous 
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membrane,  for  example;  sulphate  of  zinc  and  sulphate  of 
copper  act  mainly  in  this  way.  Apomorphia,  on  the  other 
hand,  stimulates  the  centre  directly^  and  this  is  also  the 
mode  in  which  vomiting  is  produced  in  certain  diseases 
of  the  medulla  oblongata.  The  efferent  nerves  for  the 
diaphragm  arc  the  phrcnics,  for  the  abdominal  muscles  the 
intercosials.  The  impulses  which  cause  contraction  of  the 
stomach  pass  along  the  vagi.  Dilatation  of  the  cardiac 
^  orifice  is  brought  about  partly  by  the  shortening  of  muscular 
^fibres,  which  spread  out  upon  the  stomach  from  the  lower 
end  of  the  oesophagus,  perhaps  partly  by  nervous  inhibition. 

^P  n.  The  Chemical  Phenomena  of  Digestion. 

The  chemical  changes  wrought  in  the  food  as  it  passes 
ilong  the  alimentary  canal  are  due  to  the  secretions  of 
various  glands,  which  line  its  cavities,  or  jxjur  their  juices 
into  it  through  special  ducts.  These  secretions  owe  their 
powtr  for  the  most  part  to  substances  present  in  them  in 
very  small  amount,  but  which,  nevertheless,  act  with 
extraordinary  cncrg>-  upon  the  various  constituents  of  the 
food,  causing  profound  changes  without  being  themselves 
used  up,  or  their  digestive  power  affected.  These  marvellous 
ud  as  yet  mysterious  agents  are  the  unformed  or  un- 
organized ferments — unorganized  because,  unlike  some  other 
ferments,  such  as  yeast,  their  action  does  not  depend  upon 
the  growth  of  living  cells.  Their  chemical  nature  has  not 
bttn  exactly  made  out ;  some  of  them  at  least  do  not  appear 
lobeproteids.  But  it  is  doubtful  whether  even  one  of  the 
ferments  of  the  digestive  juices  has  as  yet  been  satisfactorily 
elated,  and  at  present  it  is  only  by  their  effects  that  we 
^cognise  them.  Some  of  them  act  best  in  an  alkaline,  some 
'nan acid  medium  ;  they  all  agree  in  having  an  '  optimum  ' 
Umperature,  which  is  more  favourable  to  their  action  than 
^ny  other ;  a  low  temperature  suspends  their  activity,  and 
filing  abolishes  it  for  ever.  The  action  of  all  of  them  seems 
^^thydrolytic ;  i.r„  it  is  accompanied  with  the  taking  up  of 
lae  elements  of  water  by  the  substance  acted  upon.  The 
iccumulaiion  of  the  products  of  the  action  first  checks  and 
[tlien  arrests  it. 
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Beside  these  unformed  ferments,  certain  formed  ferments, 
or  micro-organisms,  are'  present  in  parts  of  the  alimentary' 
canal,  and  even  in  normal  digestion  contribute  to  the 
changes  brought  about  in  the  food :  while  under  abnormal 
conditions  they  may  awaken  into  troublesome,  and  even 
dangerous,  activity.  It  is  possible  that  many  of  these  act  by 
producing  unorganized  ferments,  and  that  the  distinction 
between  the  t^vo  kinds  of  ferments  is  rather  superficial. 

It  is  now  necessary  to  consider  in  detail  the  nature  of  the 
various  juices  yielded  by  the  digestive  glands,  and  the 
mechanism  of  their  secretion,  so  far  as  it  is  known  to  us. 
Since  it  is  along  the  digestive  tract  that  glandular  action  is 
seen  on  the  greatest  scale,  this  discussion  will  practically 
embrace  the  nature  of  secretion  in  general.  And  here  it 
may  be  well  to  say  that,  although  in  describing  digestion  it 
is  necessary  to  break  it  up  into  sections,  a  true  view  is  only 
got  when  we  look  upon  it  as  a  single,  though  complex, 
process,  one  part  of  which  fits  into  the  other  from  beginning 
to  end.  It  is,  indeed,  the  duty  of  the  physiologist,  wherever 
it  is  possible  to  insert  a  cannula  into  a  duct  and  to  drain  off 
an  unmixed  secretion,  to  investigate  the  properties  of  each 
juice  upon  its  own  basis;  but  it  must  not  be  forgotten  that 
in  the  body  digestion  is  the  joint  result  of  the  chemical 
work  of  five  or  six  secretions,  the  greater  number  of  which 
are  actually  mixed  together  in  the  alimentary  canaU  and  of 
the  mechanical  work  of  the  gastro-intestinal  walls. 


The  Chemistry  of  the  Digestive  Juices. 

(i)  Saliva. — The  saliva  of  the  mouth  is  a  mixture  of  the 
secretions  of  three  large  glands  on  each  side,  and  of  many 
small  ones.  The  large  glands  arc  the  parotid,  which  opens 
by  Stenson's  duct  opposite  the  second  upper  molar  tooth ; 
the  submaxillary,  which  opens  by  Wharton's  duct  under  the 
tongue ;  and  the  sublingual,  opening  by  a  number  of  ducts 
near  and  into  Wharton's.  The  small  glands  are  scattered 
over  the  sides,  Boor,  and  roof  of  the  mouth,  and  over  the 
tongue. 

Two  types  of  salivary  glands,  the  ^trom  or  albuminous  and 
the  mucous,  are  distinguished  by  structural  characters  and 
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by  the  oature  of   their   secretion ;  aad  the  distinctioo  ham\ 
been  extended  to  other  glands.     The  parodd  of  muiy,  tf  itot 
all,  mammals  is  a  purely  scroas  gland  ;  it  secretes  a  vaterf 
jaice  with  a  general  resemblance  in  compositioa  to  dilnte 
blood-serum.      The  submaxillan-  of  the  dog  and  cat  is 
typical  mucous  gland ;  its  secretion  is  viscid,  and  ^i^'^H 
mociD.    The  submaxillan*  gland  of  man  is  a  mbced  giaad  i\ 
mocous  and  serous  alveoli,  and   e%*en   mncotts  and  sa 
cells,  are  intermingled  in  it  (Plate  ID.    The  <nlwimiBaiy| 
of  tbe  rabbit  is  purely  serous.     The  sobiingnal  is  io  genenl  a  ' 
mixed  ^land.  but  with  br  more  rnncoos  than  seroos  aKvolL 

Tlie  mixed  saliva  is  a  somewhat  vtscoos,  ccdoarfese  hqatd 
of  ilkaJine  reaction  and  low  speciftc  graWty  tfa-reragc  abont 
I005)-    Besides  water  and  salts,  it  contains  modn  (emiieiy 
'roffl  the  submaxillar}-,  the  sublin^al  and  the  smafl  nnK 
glands  of  the  mouth),  to  which  its  risodity  is  dne,  txaoes  i 
senim-albumin  and  semm-gk>balin  (chiefiy  from  the  paroCidK 
and  a  ferment — ptyalin.     Tbe  salts  are  ralriiwi  carbonate , 
and  phusphate  (often  deposited  as  'tartar'  anwnd  the  teeth^  ^ 
occasionally  as  salivary  calculi  in  the  glands  and   dacts)» 
^ium  and  potassium  chloride,  and  osnaBjr,  bnt  not  always^ 
a  trace  of  sulphocyanide  of  potassiom,  delected  bv  the  red , 
colour  which  it  strikes  with  ferric  chbxide-    The  total  solids^ 
unoDDt  onI>*  to  five  or  six  parts  in  the  thousand.    A  great 
dtti  of  carbonic  acid  can  be  pnmpcd  oat  from  salira.  as 
mocb  as  60  to  70  cc.  from  too  cc.  of  tbe  secretion,  ie.,  inore 
tliu  can  be  obtained  from  venous  bkxxL     Only  a  small 
Pf<^rtion  of   this   is    in    solotion,    the    rest    extsting  as- 
(^^rbomLtes.     Under  the  microscope  epithelial  scales,  leuco- 
cytes (the  so-called  salivary  corpuscles),  bacteria,  and  portic 
'^^d,  may  be  found.     All  these  tbiikgs  are  as  accidental  as 
^  last— tbey  are  mere  flotsam  and  jetsam,  washed  by  tbe 
*^iva  from  the  inside  of  the  month.     The  quantity  of  sahva 
^feted  in  the  twenty-four  boors  varies  a  good  deal.    On 
'n average  it  is  from  i  to  2  litres  (Practical  Exercises,  P-52Z.) 

Besides  its  functions  of  dissolving  sapid  sabstances.  and 
^  allowing  them  to  excite  sensations  of  taste,  of  moistening 
ttkefood  for  deglutition  and  the  month  for  speech,  and  of 
'^caostog  tbe  teeth  after  a  meal,  saliva,  in  virtue  of  its 
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ferment,  ptyalin,  is  amylolytic;  that  is,  it  has  the  power  of 
digesting  starch  and  converting  it  into  maltose,  a  reducing 
sugar.     In   man   the   secretion   of  any  of  the   three  great 
salivary  glands  has  this  power,  although  that  of  the  parotid 
is  most  active.     In  the  dog  and  cat,  on  the  other  hand.     | 
parotid  saliva  has  little  or  no  action  on  starch ;  while  in 
animals   like   the   rat   and   the   rabbit   it   is   highly  active, 
although  in  the  last-named  antmal  the  submaxillary  saliva 
is   almost    powerless.     In    the   horse,    sheep,    and    ox,    th^/ 
saliva  secreted  by  all  the  glands  seems  equally  inactive.    ^H 
watery  or  glycerine  extract  of  a  gland  whose  natural  sccrc^^ 
tion  is  active  also  possesses  amylolytic  power. 

Starch-grains  consist  of  granulose  enclosed  in  envelopes 
of  cellulose.  Only  the  granulose  is  acted  upon  by  plyalin, 
and  hence  unboiled  starch,  in  which  the  cellulose  envelopes 
are  intact,  is  but  slowly  affected  by  saliva.  When  starch  is 
boiled,  the  envelopes  are  ruptured,  and  the  granulose  passes 
into  imperfect  solution,  yielding  an  opalescent  liquid.  If  a 
little  saliva  be  added  to  some  boiled  starch  solution  which 
is  free  from  sugar,  and  the  mixture  be  set  to  digest  at  a 
suitable  temperature  (say  40*  C),  the  solution  in  a  very  short 
time  loses  its  opalescence  and  becomes  clear.  It  still, 
however,  gives  the  blue  reaction  with  iodine  ;  and  Trommer  s 
test  (p.  323)  shows  that  no  sugar  has  as  yet  been  formed. 
The  change  is  so  far  purely  a  physical  one;  the  substance  in 
solution  is  soluble  starch.  Later  on  the  iodine  reaction 
passes  gradually  through  violet  into  red ;  and  finally  iodine 
causes  no  colour  change  at  alJ,  while  maltose  is  found  in 
targe  amount,  along  with  isomaltose,  a  sugar  having  the  ' 
same  formula  as  maltose,  but  differing  from  it  in  the  melting 
point  of  the  crystalline  compound  formed  by  it  with  phenyl 
hydrazine  (p.  370).  Traces  of  dextrose,  a  sugar  which  rotates 
the  plane  of  polarisation  less  than  maltose,  but  has  greater  1 
reducing  power,  are  produced  by  the  further  action  of  the 
saliva  on  maltose  itself.  When  a  small  quantity  of  ferment 
acts  for  a  short  time,  the  production  of  isomaltose  is 
favoured.  The  production  of  maltose  and  dextrose  is 
favoured  by  the  action  of  a  large  quantity  of  ferment  for  a 
long  time  (Killz  and  Vogel). 
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The  red  colour  indicates  the  presence  of  a  kind  of  dextrin 
[called  crjthrodextrin  ;  the  violet  colour  shows  that  at  first 
^thjs  is  still  mixed  with  some  unchanged  starch.  Soon  the 
errthrodextrin  disappears,  and  is  succeeded  by  another 
dextrin,  which  gives  no  colour  with  iodine,  and  is  therefore 
called  achroodextrin.  This  is  partly,  but  in  artificial 
digestion  never  completely,  converted  into  maltose,  and  can 
ilivays  at  the  end  be  precipitated  in  greater  or  less  amount 
by  the  addition  of  alcohol  to  the  liquid.  It  is  probable  that 
a  whole  series  of  dextrins  is  formed  during  the  digestion  of 
starch.  Some  of  these  may  appear  as  forerunners  of  the 
suj;ar,  others  merely  as  concomitants  of  its  production.  The 
latter  raay  never  pass  into  sugar ;  and  it  is  certain  that  sugar 
may  appear  before  all  the  starch  has  been  converted  into 
achroodextrin.  When  the  sugar  is  removed  as  it  is  formed, 
is  is  approximately  the  case  when  the  digestion  is  performed 
inadialyser,  the  residue  of  unchanged  dextrin  is  less  than 
*ben  the  sugar  is  allowed  to  accumulate  (Lea).  In  ordinary- 
-irtiticial  digestion,  for  instance,  under  the  most  favourable 
circumstances  at  least  12  to  15  per  cent,  of  the  starch  is  left  as 
'lextrin  :  in  dialyser  digestions  the  residue  of  dextrin  may  be 
iiulcmore  than  4  per  cent.  This  goes  far  to  explain  the 
foroplete  digestion  of  starch  which  apparently  takes  place  in 
the  alimentary  canal,  a  digestion  so  complete  that  although 
ioloble  starch  and  dextrin  may  be  found  in  the  stomach 
after  a  starchy  meal,  they  do  not  occur  in  the  intestine,  or 
t>Dly  in  minute  traces.  Here  the  amylolytic  ferment  of  the 
pancreatic  juice,  which,  as  we  shall  see,  is  essentially  the 
same  in  its  action  as  ptyalin,  only  more  powerful,  must  be 
able  to  effect  a  very  complete  conversion. 

It  it  impossible  with  our  present  knowledge  to  represent  the  entire 
("occnby  a  chemical  equation.  U  we  look  only  to  the  final  product, 
*e  tqualion 


Scarek 


Wfticr. 


Maltocc. 


•»1I  represent  the  change  in  natural  and  complete  digestion.     The 
molecule  of  starch  being  taken  as  some  unknown  multiple,  a,  of  the 
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group  CiHjoO^,  the  first  equation  suits  the  case  of  a  being  an  even 
number,  and  the  second  that  of  a  being  an  odd  number. 

If  we  accept  4  per  cent  as  the  minimum  residue  of  unchanged 
dextrin  in  the  best  artificial  digestion,  or,  in  other  words,  if  we  suppose 
that  of  35  parts  of  starch  24  are  changed  into  maltose,  and  i  remains 
as  dextrin,  our  equation,  taking  the  dextrin  molecule  as  a  multiple  A  of 
CeH,„Oj,,  will  be  : 


Stjircb. 


W*l«. 


Mallo 


[3crtnit' 


for   the  case  where  -  is  a  whole  nuralwr. 
b 


If  J  is   not 


a  whole 


number,  we  should  have  to  clear  of  fractions  by  multiplying  both 

sides  by  -»  where  ///  is  the  greatest  common  measure  of  a  and  h. 
m 

We  should  thus  get : 

=5-(C«H,oOJ.  +  i2^i^H,0=  iaai.(C,,H^O|,)+  -(C^Hi.O.V 
fft  tn  tit  in 

SUfcli.  Water.  Maluxc  De«tf^ 

It  is  a  notable  fact  that  amylolytic  ferments  are  not 
confined  to  the  animal  body.  Diastase,  which  is  present  in 
all  sprouting  seeds,  and  may  be  readily  extracted  by  water 
from  malt,  forms  maltose  and  dextrin  from  starch.  Its 
optimum  temperature,  however,  is  aboat  65°  C,  while  that 
of  ptyalin  is  about  40"  C. 

Salivary  digestion  goes  on  best  in  a  neutral  or  slightly 
alkaline  medium.  It  can,  however,  still  proceed  when  the 
medium  is  made  faintly  acid  ;  but  an  acidity  equal  to  that 
of  a  '1  per  cent,  solution  of  hydrochloric  acid  stops  it 
completely,  although  the  ferment  is  still  for  a  time  able  to 
act  when  the  acidity  is  sufficiently  reduced.  Strong  acids 
or  alkalies  permanently  destroy  it.  These  facts  are  of  coa- 
sequence,  for  they  show  that  in  the  mouth,  where  the 
reaction  is  alkaline,  the  conditions  are  favourable  to  salivary 
digestion  ;  while  in  the  stomach,  where,  as  we  shall  sec,  it 
is  acid  during  the  greater  part  of  digestion,  the  conditions 
are  not  so  favourable,  but  may  be,  on  the  contrary,  inimical. 
Although  the  food  stays  but  a  short  time  in  the  moutht 
there  is  no  doubt  that,  in  man  at  least,  some  of  the  starch 
is  there  changed  into  sugar  (p.  323).  But  this  docs  not  seem 
to  be  the  case  in  all  animals.  Something  <lepends  on  the 
amylolytic  activity  of  the  saliva,  and  something  upon  the 
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Hibnn  in  which  the  starchy  food  is  taken,  whether  it  is  cooked 
or  raw,  enclosed  in  vegetable  Bbres  or  exposed  to  free 
admixture  with  the  secretions  of  the  mouth. 

It  is  important  to  note  here  that  hydrolytic  changes  of 
very  much  the  same  nature  as  those  produced  by  ptyalin 
can  be  brought  about  in  other  ways.  If  starch  is  heated  for 
a  time  with  dilute  hydrochloric  or  sulphuric  acid,  it  is 
changed  first  into  dextrin,  and  then  into  a  form  of  reducing 
sugar,  which,  however,  is  not  maltose,  but  dextrose.  If 
maltose  is  treated  with  acid  in  the  same  way,  it  is  also 
changed  into  dextrose.  When  glycogen  (p.  381)  is  boiled 
with  dilute  oxalic  acid  at  a  pressure  of  three  atmospheres, 
isomaltose  and  dextrose  are  formud  (Cremer).  We  shall  see 
Uter  on  that  the  action  of  other  ferments  can  also  be  to  a 
certain  extent  imitated  by  purely  artificial  means.  In  fact, 
some  of  the  ferments  accomplish  at  a  comparatively  low 
temperature  what  can  be  done  in  the  laboratory*  at  a  higher 
temperature,  and  by  the  aid  of  what  we  may  call  more 
^Yioleflt  methods. 

^B   (3)  Qastric  Juice. — The  Abb6  Spallan^ani  was  the  first  to 

Brecognise  the  chemical  powers  of  the  gastric  juice,  and  to 

^give  the  secretion  its  name,  but  it  was  by  the  careful  and 

convincing  experiments  of  Beaumont  that  the  foundation  of 

OQr  exact  knowledge  of  its  composition  and  action  was  laid. 


% 


It  b  diffictilt  to  speak  without  enthusiasm  of  the  work  of  Beaumont, 

*e  consider  the  difiiculties  under  which  it  was  carried  on.  An 
^nnj  suigeon  stationed  in  a  lonely  post  in  the  wilderness  that  was 
tben  ailed  the  tenitor)-  of  Michigan,  a  thousand  miles  from  a 
unvenity,  and  four  thousand  from  anything  like  a  physiological 
Uboraiory,  he  was  accidentally  called  upon  to  treat  a  gunshot 
•ound  of  the  stomach  in  a  Canadian  voyageur,  Alexis  St.  Martin. 
WTwn  the  wound  healed  a  permanent  fistulous  opening  was  left,  by 
i^Kini  of  which  food  could  l>c  introduced  into  the  stomach  and 
&Ssk  juice  obtained  from  it.  Iteaumont  at  once  perceived  the 
pottibihties  of  such  a  case  for  physiologica!  research,  and  began  a 
wia  of  experiments  on  digestion.  After  a  while,  St.  Martin,  with 
ffandering  spirit  of  the  voyageur,  returned  to  Canada  without 

'•  Beaumont's  consent  and  in  his  absence.     Beaumont  traced  him, 

itii  great  difficulty,  by  the  aid  of  the   Hudson  Bay  Company's 

(officials,  induced  him  to  come  back,  provided  for  his  family  as  welt 

for  himself,  and  proceeded  with  his  investigations.  A  second 
St.   Martin  went   back  to   his   native  country,  and  a   second 
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time  the  zealous  investigator  of  the  gastric  juice,  at  heavy  expense, 
secured  his  return.  And  although  his  experiments  were  necessarily 
less  exact  than  would  be  permissible  in  a  modem  research,  the 
modest  book  in  which  he  published  his  results  is  still  counted 
among  the  classics  of  physiolog)-.  The  production  of  artifidal 
6stulae  in  animals,  a  method  that  has  since  proved  so  fruitful,  was  6nR 
suggested  by  his  work. 

Gastric  juice  when  obtained  pure,  as  it  can  be  from  an 
accidental  fistula  in   man,  or  by  passing  a  tube   through 
the  oesophagus  into  the  stomach,  or  by  mechanically  stimu- 
lating the  mucous  membrane  of  the  stomach  of  a  fasting ' 
dog  through  an  artificial  gastric  fistula,  is  a  thin,  colourless 
liquid  of  low  specific  gravity  (1002  to  1005)  and  distinctly 
acid  reaction.     The  total  solids  average  about  5  parts  per 
thousand,  about  one  half  being  inorganic  salts,  chiefly  sodium 
and  potassium  chloride.     Two  ferments  are  present :  pepsin, 
which  changes  proteids  into  peptones  ;  and  rennin.  which 
curdles  milk.     The  acidity  is  due  to  free  hydrochloric  acid. 
the  proportion  of  which  in  man  is  usually  something  like 
'2  per  cent.,  but  more  in  the  dog  ('3  to  "5  per  cent.).     It  is 
said  that  in  cancer  of  the  stomach  the  free  hydrochloric  acid 
is  replaced   by  lactic   acid.     That  in   normal  gastric  juice 
the   acidity   is   not   due   to   lactic  acid,  can   be   shown  by  , 
Uffelmann's   test.      The   reagent    is    a   dilute    solution    of' 
carbolic  acid  to  which  a  trace  of  ferric  chloride  has  been 
added  (say  a  drop  of  a  i  per  cent,  ferric  chloride  solution  to 
5  CO.  of  a   I  per  cent,  carbolic  acid  solution).     The  blue 
colour  of  the  mixture  is  turned  yellow  by  lactic  acid,  but  not 
by  dilute  hydrochloric  acid;    normal  healthy  gastric  juice 
does  not  affect  it,  therefore  its  acidity  is  not  caused  by  free 
lactic  acid.     More  than  this,  it  is  not  caused  by  an  organic, 
but    by   an    inorganic  acid,   for  congo-red,   methyl   violet,^ 
phloroglucin-vanillin,  and  some  other  coloured  organic  sub-' 
stances,  are  altered  in  colour  by  dilute  mineral  acids,  while 
much  stronger  organic  acids  do   not   affect   them  ;  gastric 
juice,  in  which  the  acid  is  decidedly  dilute,  readily  causes  the 
change,  therefore   its  acidity   is    due   to   a    mineral    acid. 

nally,  when  the  bases  and  acid  radicals  of  the  juice  are 
Dtitatively  compared,  it  is  found  that  there  is  more 
rine  than  is  required  to  combine  with  the  bases;  the 
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^M  excess  must    be  present   as  free   hydrochloric    acid.     The 

~   quantity  of  gastric  juice  secreted  is  very  great ;    it  has  been 

estimated  at  as  much  as  5  to  10  litres  in  twenty  four  hours, 

or  five  times  as  much  as  the  quantity  of  saliva  secreted  in 

the  same  tim&     But  such  estimates  are  loose  and  uncertain. 

^m      Tbe  great  action  of  gastric  juice  is  upon  proteids.     In  this 

^P  two  of  its  constituents  have  a  share,  the  pepsin  and  the  free 

acid.    One  member  of  this  chemical  copartnery  cannot  act 

withoot  the  other;  peptic  digestion  requires  the  presence 

both  of  pepsin  and  of  acid  ;  and,  indeed,  an  active  artificial 

^^ juice  can   be    obtained   by   digesting    the   gastric    mucous 

^^  membrane  with  '2  per  cent,  hydrochloric  acid.     A  glycerine 

extract  of  a  stomach  which  is  not  too  fresh  also  possesses 

peptic  powers ;  but  it  requires  the  addition  of  a  sufficient 

^K  quantity  of  acid  to  render  Ihem  available. 

H      Well-washed  fibrin  obtained  from  blood  is  a  convenient 

proteid  for  use  in   experiments   on   digestion.      Since  the 

Mood  contains  traces  of  pepsin,  the  fibrin  should  be  boiled 

1:^  to  destroy  any  which  may  be  present. 

^B      If  we  place  a  tittle  fibrin  in  a  beaker,  cover  it  with  'z  per 
^m  cent,  hydrochloric  acid,  add  a  small  quantity  of  pepsin  or 
^K  of  a  gastric  extract,  and   put  the  beaker  in  a  water-bath 
4t40'C.,  the  fibrin  soon  swells  up  and  becomes  translucent, 
then  begins  to  be  dissolved,  and   in  a  short  time  has  dis- 
appeared (see  Practical  Exercises,  p.  324). 

If  we  examine  the  liquid  before  digestion  has  proceeded 

*"eiy  far,  we  shall  find  chiefly  acid-albumin  in  solution  ;  later 

^H  ^''>  chiefly   albumoses ;    and    still    later,    chiefly   peptones. 

^B  From  this  we  conclude  that  acid-albumin  is  a  stage  in  the 

^M  conversion  of  fibrin  into  albumosc,  and  albumose  a  half-way 

^■boQse  between  acid-albumin  and  peptone. 

^P    Similar*  but  not  identical,  intermediate  substances  occur 

in  the  digestion  of  the  other  proteids,  as  well  as  in  that  of 

bodies  like  gelatin,  which  arc  not  true  proteids,  but  which 

epsin  can  digest.     The  generic  name  of  proteose  has  been 

roposed  for  bodies  of  the  albumose  type,  the  term  albo- 

itself  being  reserved  for  such  intermediate  products  of 

iigestion  of  albumin;   while  those  of  fibrin  are  called 

OSes;   of  globuhn,  globuloses;  of  casein,  caseoscs,  and 
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SO  on.  Probably  the  peptones  produced  from  different  pro- 
teids  are  also  not  absolutely  identical  Beyond  peptone 
gastric  digestion  does  not  go.  Indeed,  in  no  case  does  the 
whole  of  the  original  proteid,  in  an  artificial  digestion,  ever 
reach  the  stage  of  peptone;  although  the  pancreatic  juice, 
as  we  shall  see  later  on.  can  split  up  peptone  itself  into 
substances  which  are  no  longer  proteid.  Since  the  subject 
of  proteid  digestion  must  come  up  again,  it  will  be  well  to 
postpone  any  closer  discussion  of  the  process  till  we  can 
view  it  as  a  whole.  In  the  meantime  it  is  only  necessary  to 
repeat  that  pepsin  alone  cannot  digest  proteids  at  aJl.  Its 
action  requires  the  presence  of  an  acid ;  in  a  neutral  or 
alkaline  medium  peptic  digestion  stops.  As  in  the  case  of 
other  ferments,  there  is  a  certain  temperature  at  which 
pepsin  acts  best,  an  'optimum'  temperature  (35*  to  40'  C, 
or  about  that  of  the  body).  At  o'^  C.  it  is  inactive,  except 
in  cold-blooded  animals  (frog).     Boiling  destroys  it. 

Dilute  acid  alone  does  not  dissolve  coagulated  proteids 
like  boiled  fibrin,  or  does  so  only  with  extreme  slowness. 
Uncoagulated  proteids,  however,  are  readily  changed  by  it 
into  acid-albumin ;  and  by  the  prolonged  action  of  acids, 
especially  at  a  high  temperature,  further  changes  may  be 
caused  in  all  proteids,  apparently  of  much  the  same  nature 
as  those  produced  in  peptic  digestion.  But,  under  the 
ordinary  conditions  of  natural  or  artificial  gastric  digestion, 
it  may  be  said  that  the  acid  alone  does  little  until  it  is  aided 
by  the  ferment,  just  as  the  ferment  alone  does  nothing 
without  the  aid  of  the  acid.  One  striking  difference,  how- 
ever, there  is:  the  acid  is  used  up  during  the  process;  the 
ferment  is  little,  if  at  all,  affected.  Although  hydrochloric 
acid  acts  most  powerfully,  other  acids,  such  as  lactic,  phos- 
phoric, or  sulphuric,  can  replace  it. 

The  milk-curdling  ferment,  rcnniny  is  obtained  in  large 
amount  in  an  extract  of  the  fourth  stomach  of  the  calf, 
which  has  long  been  used  in  the  manufacture  of  cheese. 
It  exists  in  the  healthy  gastric  juice  of  man,  but  disappears 
in  cancer  of  the  stomach  and  in  chronic  gastric  catarrh. 
It  can  be  separated  from  pepsin  by  precipitating  an 
extract   of  calf's  stomach   with   magnesium   carbonate   in 
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powder,  which  carries  down  the  pepsin,  but  leaves  the 
Ronin  in  the  supernatant  liquid.  The  curdhng  of  milk  by 
reDnin  is  essentially  a  coagulation  of  casein.  It  seems  to  be 
produced  by  the  splitting  up  of  a  more  complex  body, 
tasnnogen.  into  two  substances,  one  of  which,  casein^  is 
insoluble  (in  the  presence  of  calcium  phosphate,  but  not 
otherwise),  and   forms   the   curd ;    while   the   other,   whey- 

'teid,  is  soluble,  and  passes  into  the  whey.  Dilute  acid 
will  of  itself  precipitate  casein,  and  the  presence  of  acid  in 
the  gastric  juice  helps  the  action  of  the  milk -curdling 
ferment.  That  a  ferment  is  really  concerned  in  the  process 
is,  however,  shown  by  the  fact  that  the  juice,  after  being 
made  neutral  or  alkaline,  still  curdles  milk,  and  that  this 
power  is  destroyed  by  boiling.  The  optimum  temperature 
13  ihe  same  as  that  of  the  other  ferments  of  the  digestive 
tract,  about  40*  C.  (p.  325). 

As  to  the  exact  function  which  the  milk-curdling  ferment 
of  the  gastric  juice  performs  in  digestion,  we  have  no  precise 
ksowledge.  It  seems  superfluous  if  we  suppose  that  the 
free  acid  is  able  of  itself  to  do  all  that  the  ferment  does 
along  with  it.  But  there  is  evidence  that  the  curd  produced 
by  the  ferment  is  more  profoundly  changed  than  the  pre- 
cipitate caused  by  dilute  acids ;  for  the  latter  may  be 
redissolved,  and  then  again  curdled  by  rennin,  while  this 
cannot  be  done  with  the  former.  We  may  suppose,  then,  that 
the  ferment  is  capable  of  effecting  changes  more  favourable 
to  the  subsequent  action  of  the  pepsin  upon  the  casein  than 
those  which  the  acid  alone  would  effect.  Or  it  may  be  that 
the  ferment  acts  in  the  early  stages  of  digestion  before  much 
add  has  been  secreted.  We  do  not  know  whether  the  curd- 
ling of  milk  renders  it  easier  for  the  watery  portion  to  be 
absorbed  by  the  walls  of  the  stomach.  If  this  were  the 
case,  it  would  be  a  raison  d'etre  for  early  curdling,  since  milk 
is  a  very  dilute  food,  and  the  immense  proportion  of  water  in 
It  might  weaken  the  gastric  juice  too  much  for  rapid  diges- 
tion of  the  proteids. 

On  fats  and  carbo-hydrates  gastric  juice  has  no  action, 
although  it  will  dissolve  the  proteid  constituents  of  fat-cells, 
and  the  proteid  substances  which  keep  the  fat-globules  of 
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milk  apart  from  each  other ;  while  swallowed  saliva  wIH 
continue  to  act  on  starch  in  the  stomach,  so  long  as  the 
acidity  is  not  too  great.  Healthy  gastric  juice  has  do 
action  on  cane-sugar,  but  when  there  is  much  mucus 
present,  it  seems  to  contain  a  ferment  which  changes  this- 
sugar  into  dextrose,  or  into  a  mixture  of  dextrose  and 
levulose  (*  invert  *  sugar). 

(3)  Pancreatic  Juice. — Pancreatic  juice,  bile,  and  intestinal 
juice,  of  which  the  first  two  only  are  important,  are  all 
mingled  together  in  the  small  intestine,  and  act  upon  the 
food,  not  in  succession,  but  simultaneously.  But  by  artificial 
fistulas  in  animals  they  can  all  be  obtained  separately;  and 
occasionally  some  of  them  can  be  procured  through  accidental 
fistulse  in  the  human  subject. 

Pancreatic  juice,  as  obtained  from  a  dog,  by  means  of  a 
cannula  tied  in  the  duct  of  Wirsung  through  an  opening  in 
the  linea  alba,  is  a  clear,  viscid  liquid  of  distinctly  alkaline 
reaction.  It  differs  notably  from  saliva  and  gastric  juice  in 
its  high  specific  gravity,  and  the  large  proportion  of  sohds 
in  it,  which  may  be  as  much  as  10  per  cent.,  or,  roughly 
speaking,  about  the  same  as  in  blood  -  plasma.  About 
9  per  cent,  of  the  solids  are  organic  (serum-albumio,  a 
peculiar  kind  of  alkali-albumin,  and  various  ferments},  and 
rather  less  than  i  per  cent,  inorganic  (chiefly  sodium  car- 
bonate, to  which  the  alkaline  reaction  is  due,  and  sodium 
chloride).  Traces  of  fats  and  soaps,  and,  if  the  juice  is  not 
perfectly  fresh,  leucin,  tyrosin  and  peptone,  produced  by  the 
digestion  of  its  own  proteids,  may  also  be  present.  When 
the  juice  is  heated  to  near  the  boiling-point,  a  copious 
precipitate  of  coagulated  albumin  is  fonned.  The  fresh 
juice  coagulates  spontaneously,  especially  at  a  low  tempera- 
ture ;  but  the  coagulum  is  soon  digested.  Possibly  cold 
hinders  the  destructive  power  of  the  juice  on  the  factors 
necessary  for  coagulation  more  than  it  restrains  the  process 
of  clotting.  The  quantity  of  pancreatic  juice  secreted  during 
the  twenty-four  hours  in  an  average  man  has  been  estimated 
at  200  to  300  cc.  An  artificial  pancreatic  juice  can  be  made 
by  extracting  the  pancreas,  which  must  not  be  too  fresh 
{p.  278),  with  water  or  glycerine. 
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Pancreatic  juice  contains  four  ferments:  (i)  A  proteolytic 
orproteid-digesting  ferment,  trypsin:  (2)  an  amylolytic  fer- 
ment, amylopsin  :  (j)  a  fat-splitting  or  lipol^iic  ferment, 
ifej^nn;  (4)  a  milk-curdling  ferment. 

The  last  cannot  be  considered  as  taking  any  practical 
5hare  in  digestion,  since  it  can  never  happen  that  milk 
passes  through  the  stomach  without  being  curdled, 

Trypittiy  to  a  certain  extent,  corresponds  with  pepsin  in  its 
action  on  proteids.  But  it  has  two  remarkable  peculiarities : 
it  acts  energetically  in  an  alkaline  as  well  as  in  a  not  too 
add  medium  (a  very  slight  amount  of  digestion  may  go  on 
in  distilled  water) ;  and  its  action  does  not  stop  at  the 
peptone  stage  —  it  can  split  up  peptones  into  leucin  and 
t)Tosin,  crj-staUine  nitrogenous  substances  very  different 
from  proteids. 

If  fibrin  is  digested  at  a  temperature  of  40"  C  with  a  i  per 

cent  solation  of   sodium    carbonate,   to    which    a    little 

pancreatic  extract  or  juice   has  been  added,  along  with  a 

trace  of  thymol  to  prevent  putrefaction,  it  is  gradually  eaten 

away  without  swelling  up  and  becoming  transparent  as  it 

docs  in  peptic  digestion  ;  but  some  granular  debris  is  always 

I       Ieft(p  326).     This  undigested  residue  is  soluble  in  i  per  cent. 

^^  sodium  hydrate,  and  consists  of  anti-albumid.     It  is  never 

^■entirely  dissolved   in   any   artificial   digestion ;    in    natural 

^^di^ion.  on  the  contrar>%  it  is  never  found  ;  just  as  some 

^^^  deiirin  always  remains  when  ptyalin  has  done  its  utmost 

^■epon  starch  outside  the  body,  while  in  the  intestine  little  or 

^Joodcxtrin  can  be  detected.     When  the  undigested  residue  is 

^B  6Jtered  off,  the  solution  may  still  contain  :  (i)  a  substance  or 

^Btnbstaoces  having  resemblances  both  to  alkali-albumin  and 

^^(0  gloliulin,   (2)  albumoses,    (3)    peptone,   (4)    leucin    and 

in.     It  will  depend  on  how  far  the  digestion  has  been 

whether,  and  in  what  quantity,  any  one  of  these 

[ies  is  present. 

The  order  in  which  they  appear  and  their  relative  amount 
different  stages  of  the  digestion   show  that  the  alkali- 
umin    and    albumoses   are,   like    the    acid-albumin    and 
aibamoscs  of  peptic  digestion,  mainly,  at  any  rate,  inter- 
mediate substances  through  which   proteid  passes  on   its 
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way  to  peptone ;  and  there  is  no  reason  to  believe  that  u] 
this  point  there  are  any  essential  differences  between  the 
action  of  trj'psin  and  pepsin.  In  both  cases  the  action 
seems  to  consist  in  a  splitting  up  of  the  complex  proteid 
with  assumption  of  water,  so  that  each  successive  product  is 
further  hydrated  than  the  last ;  nor  is  it,  as  yet  at  least, 
possible  to  point  out  any  radical  distinction  between 
the  peptone  of  gastric  and  the  peptone  of  pancreatic 
digestion.  It  is  not  necessary  to  suppose  that  the  further 
splitting  up  of  some  of  the  peptone  by  trypsin  into  leucin 
and  tyrosin  is  an  action  differing  in  kind  so  much  as  in 
degree  from  that  which  leads  to  the  formation  of  peptone 
both  in  tryptic  and  in  gastric  digestion.  Tr3'psin  is  in 
almost  all  respects  a  more  powerful  ferment  than  pepsin ; 
it  can  do  most  things  which  pepsin  can  do,  and  a  few 
things  which  pepsin  cannot  do  :  but  it  can  do  nothing  which 
is  not  right  in  the  line  of  peptic  digestion.  Thus,  a  pancreatic 
digest  almost  always  contains  less  albumose  than  a  peptic 
digest;  more  of  the  albumose  is  carried  on  to  the  further 
stage  of  peptone  by  the  more  powerful  ferment ;  but  we 
ascribe  this  not  to  a  peculiar  property,  but  to  a  more 
energetic  action  on  the  common  lines.  And  when  this 
action  sufHces  to  push  the  peptone  still  farther  along  the 
downward  path,  it  is  not  necessary  to  assume  that  an 
influence  radically  different  from  that  of  pepsin  is  at  work. 
This  argument  is  strengthened  when  we  find  that  without  a 
ferment  at  all,  by  the  prolonged  action  of  various  agents 
which  cause  hydration,  such  as  dilute  acids  or  alkalies,  or 
oxidizing  substances  like  ozone,  peptones  first,  and  ultimately 
leucin  and  tyrosin,  may  be  formed  from  ordinary  proteids. 
In  fact,  it  would  seem  that  when  the  complex  proteid 
molecule  is  split  up  by  proteolytic  ferments,  or  by  other  and 
not  too  violent  agents,  there  are  certain  favourite  '  sets  *  or 
combinations  into  which  its  constituents  are  apt  to  fall,  no 
matter  how  the  decomposition  may  be  brought  about,  bodies 
of  the  fatty  and  of  the  aromatic  series  being  especially 
constant  and  conspicuous  among  the  products.  Leucin,  for 
instance,  is  amido-caproic  acid,  in  which  amidogen  (NHj)  has 
replaced  one  atom  of  H  in  the  fatty  acid,  and  tyrosin  is  an 
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amidated  aromatic  acid  (p.  326).  So  we  may  perhaps  con- 
lider  the  proteid  molecule  as  partly  built  up  out  of  fatty 
acid  aod  aromatic  groups  united  with  amidogen. 

Only  a  portion  of  the  peptones  formed  in  trj'ptic  digestion 
ve  broken  ap  into  leucin  and  tyrosin;  and  the  same  is  tme 
of  the  peptones  formed  in  peptic  digestion  when  submitted 
10  the  further  action  of  trypsin.  As  much  as  8  to  10  per  cent, 
ofkucin,  and  2  to  4  per  cent,  of  tyrosin,  may  be  produced  in 
artificial  tr>*ptic  digestion  of  fibrin  (Lea,  Kuhne). 

Kilhne  believes  that  every  natural  proteid  consists  of  two 
elements  as  regards  the  products  into  which  it  may  be  split 
by  digestion — a  htmi  element  and  an  anii  element.  Each  of 
these  pives  rise  to  a  series  of  bodies,  so  that  we  have  a  heini 
series  and  an  anti  scries.  Thus,  albumin  consists  of  hemi- 
albiimin  and  anti-albumin.  When  digested  by  pepsin  or 
tn-psinthemi-albumin  gives  rise  eventually  to  hemi-albumose, 
and  this  to  hemipeptone,  while  anti-albumin  in  like  manner 
pwsts  through  the  stage  of  anti-albumose  to  that  of  anti- 
peptone.  Further  than  this  peptic  digestion  does  not  go, 
bill  trj'psin  can  split  up  the  hemipeptone,  whether  formed 
Hjby  its  own  action  or  by  that  of  pepsin,  into  leucin  and 
tyrosin,  while  it  does  not  affect  the  anlipeptone. 

As  to  the  method  in  which  the  ferments  bring  about  these 
profouud  changes,  and  the  r6U  played  by  the  auxiliary  acid 
or  alkali,  we  are  almost  completely  in  the  dark.     Wurtz 

Ibassupposed  that  papain,  a  ferment  obtained  from  the  juice  of 
Hm  fruit  of  the  Carica  papaya,  which  acts  powerfully  on  pro- 
Itids  in  much  the  same  way  as  trj'psin,  unites  temporarily  with 
Ble proteid — with  hbrin,  for  instance — and  after  the  hydration 
of  the  latter  is  complete,  is  again  set  at  liberty,  and  free  to 
t  on  some  more  of  the  unchanged  fibrin.     He  compares  its 
on  with  that  of  some  inorganic  bodies,  such  as  sulphuric 
id.  a  small  quantity  of  which  may  cause  the  hydration  of  a 
ge  amount  of  certain  substances  by  forming  temporary 
pounds   with    them,   and    being    then    set    free   to  act 
in.     In  peptic  digestion,  however,  the  hydrochloric  acid 
IS  certainly  to  be  used  up.     In  the  gastric  juice  it  is 
laps  united  to  the  p>epsin  ;  and  it  is  capable  of  forming 
tombinations  with  all  proteids,  the  lower  proteids,  such  as 
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peptone,  combining  with  a  greater  proportion  of  the  acid  than 
the  higher,  such  as  fibrin  or  albumin. 

In  all  that  we  have  hitherto  said  regarding  tryptic  diges- 
tion we  have  supposed  that  putrefaction  has  been  entirely 
prevented.  If  no  antiseptic  is  added  to  a  trj'ptic  digest,  it 
rapidly  becomes  filled  with  micro-organisms,  and  emits  a 
very  disagreeable  fsecal  odour ;  and  now  various  bodies 
which  are  not  found  in  the  absence  of  putrefaction  make 
their  appearance.  Such  areindol,  skatol^and  phenol,  as  well 
as  the  unknown  substance  to  which  the  fecal  odour  is  doe. 
They  are  not  true  products  of  trj'ptic  digestion,  but  are 
formed  by  the  putrefactive  micro-organisms,  which  can 
themselves  break  up  proteids  into  leucin  and  tyrosin,  and 
readily  change  tyrosin  into  indol. 

Amylopsin,  the  sugar-forming  ferment  of  pancreatic  juice, 
changes  starch  into  dextrin  and  maltose,  just  as  ptyalin  does; 
but  it  is  much  more  powerful,  and  readily  acts  on  raw 
starch  as  well  as  boiled. 

Sieapsin  splits  up  neutral  fats  into  glycerine  and  the 
corresponding  fatty  acids.  The  latter  unite  with  the  alkalies 
of  the  pancreatic  juice  and  the  bile  to  form  soaps,  which 
aid  in  the  emulsification  of  fats.  In  this  important  process^ 
so  essential  to  digestion,  bile  acts  as  the  helpmate  of 
pancreatic  juice ;  together  they  effect  much  more  than 
either  or  both  can  accomplish  by  separate  action. 


(4)  Bile. — Bile  is  a  liquid  the  colour  of  which  varies  greatly 
in  different  groups  of  animals,  and  even  in  the  same  species  is 
not  constant,  depending  on  the  length  of  time  the  bile  has 
remained  in  the  gall-bladder  and  other  circumstances. 
When  it  is  recognised  that  the  colour  depends  on  a  series  of 
pigments,  which  are  by  no  means  stable,  and  of  which  one 
can  be  caused  to  pass  into  another  by  oxidation  or  reduction, 
this  want  of  uniformity  will  be  easily  intelligible.  The  fresh 
bile  of  carnivora  is  golden  red  ;  the  bile  of  herbivorous 
animals  is  in  general  of  a  green  tint,  but,  when  it  has  been 
retained  long  in  the  gall-badder,  may  incline  to  reddish 
brown.  Human  bile  is  generally  described  as  being  of  a 
reddish  or  golden  yellow  colour,  but  it  is  doubtful  whether 
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this  is  true  of  the  perfectly  fresh  secretiont  for  bile  flowing 
&om  a  fistula  has  been  observed  to  be  green  (Robson, 
Copeman  and  Winston).  That  of  a  monkey  taken  from  the 
gall-bladder  immediately  after  death  is  dark  green,  but  if 
left  a  few  hours  in  the  gall-bladder  it  is  brown,  the  green 
pif^nent  having  been  reduced.  This  would  seem  to  indicate 
ihat  human  bile,  originally  green,  may  alter  its  colour  in  the 
intenal  which  must  elapse  before  it  can  usually  be  obtained 
ifier  death.  Bile,  as  obtained  from  accidental  fistulje  in 
otherwise  healthy  persons,  has  a  much  lower  specific  gravity 
thiD  pancreatic  juice  (looS  to  1009).  The  composition  of 
human  bile  is  approximately  as  follows : 

^L  Water  -982 

H  it« 

Bthista 


Waler 

Solids: 

Mucin  and  pigments 
BUe-salts 

Lecithin  and  soaps 
Cholestcrin 
Inorganic  soils  - 


parts  in  1,000 


1*5^ 

7*5 

I 

7-5 


18 


It  will  be  observed  that  no  proteids  are  enumerated  in 

lis  table ;  bile  contains  none,  and  it  is  unlike  all  the  other 
digestive  juices  in  this  respect. 

.VwtM  is  scarcely  to  be  looked  upon  as  a  normal  con- 
stitoent  of  bile  ;  it  is  not  formed  by  the  actual  bile-secreting 
cells,  but  by  mucous  glands  in  the  walls  and  goblet-cells  in 
the  epithelial  lining  of  the  larger  bile-ducts,  and  especially  of 
tb«  gall-bladder.     The  mucin  of  human  bile  is  a  true  mucin, 

It  that  of  ox-bile  is  a  nucleo-albumin  ;  that  is,  it  may  be 
iered  as  a  compound  of  nuclein  (a  complex  body  rich 
in  phosphorus)  and  an  albumin.  By  peptic  digestion  the 
proteid  element  is  changed  into  albumoses  and  peptone, 
wfcile  the  nuclein  remains  unaltered.  Although  bile  (or  at 
least  free  bile-acids)  has  in  itself  considerable  antiseptic 
power,  the  mucin  causes  it  rapidly  to  putrefy.  It  may  be 
rnncr\ed  by  precipitation  with  alcohol  or  dilute  acetic  acid. 

lUe-pigmentB. — It  has  been  said  that  these  form  a  series, 
bit  only  two  of  the  pigments  of  that  series  appear  to  be 
present  in  normal  bile,  bilirubin  and  biliverdin.  In  human 
bBcas  usually  obtained  the  former,  in  herbivorous  bile  and 
ihat  of  some  cold-blooded  animals,  such  as  the  frog,  ibe 
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latter,  is  the  chief  pigment.  But  in  fresh  human  hile  biUverdin 
may  be  chiefly  present,  and  bilirubin  can  be  extracted  in 
large  amount  from  the  gallstones  of  cattle ;  while  in  the 
placenta  of  the  bitch  biliverdin  is  present  in  quantity, 
although,  as  in  all  carnivora.  it  is  either  absent  from  the  bile 
or  exists  in  it  in  comparatively  small  amount.  All  these 
facts  show  that  the  two  pigments  are  readily  interchange- 
able. 

Bilirubin  is  best  obtained  from  powdered  red  gallstones 
by  dissolving  the  chalk  with  hydrochloric  acid,  and  extract- 
ing the  residue  with  chloroform,  which  takes  up  the  pig- 
ment. From  this  solution,  on  evaporation,  beautiful  rhombic 
tables  or  prisms  of  bilirubin  separate  out;  and  the  crystals 
are  finer  when  the  solution  also  contains  cholesterin  than 
when  it  is  pure. 

Biliverdin  can  be  obtained  from  the  placenta  of  the  bitch 
by  extraction  with  alcohol.  It  is  insoluble  in  chloroform, 
and  by  means  of  this  property  it  may  be  separated  from 
bilirubin  when  the  two  happen  to  be  present  together  in  bile. 
Biliverdin  can  also  be  formed  from  bilirubin  by  oxidation. 
By  the  aid  of  active  oxidizing  agents,  such  as  yellow  nitric 
acid  (which  contains  some  nitrous  acid),  a  whole  series  of 
oxidation  products  of  bilirubin  is  obtained,  beginning  with 
biliverdin,  and  passing  through  biltcyanin,  a  blue  pigment, 
to  choletelin,  a  yellow  substance.  It  is  possible  that  there 
are  other  intermediate  bodies.  This  is  the  foundation  of 
GntcUn's  Ustfor  bile-pigments  (see  Practical  Exercises,  p.  328), 

The  positive  [>oIe  of  a  galvanic  current  cause*  the  same  oxidative 
changes,  the  same  play  of  colours,  while  the  reducing  action  of  the 
negative  pole  reverses  the  effect,  if  the  action  of  the  positive  electrode 
has  not  gone  too  far.  Starting  from  biliverdin,  the  negative  pole 
causes  the  green  to  pass  through  yellowish -green  into  golden-yellow, 
and  ultimately  into  pale  yellow,  indicating  a  series  of  bodies  formed 
by  reduction  of  the  biliverdin.  These  reactions  can  also  t>e  used  for 
the  detection  of  bile-pigments. 

By  the  reducing  action  of  sodium  amalgam,  or  of  tin  and  hydro- 
chloric acid,  on  bilirubin,  but  not  apparently  by  electrolysis,  hydro- 
bilirubin  is  obtained-  This  is  identical  with  the 'febrile'  urobilin 
of  some  pathological  urines,  and  with  stercobilin,  a  pigment  found 
in  the  fxces  from  birth  onvvards,  although  not  in  the  meconium 
(p.  3  u ),  and  therefore  probably  derived  from  the  normal  bile-pigment 
by  reduction  in  the  intestine  itself,  where  reducing  substances  due  to 
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the  iction  of  micro-organisms  are  never  absent  in  extra-uterine  life. 
The  changes  occurring  in  oxidation  and  reduction  of  the  bile-pigmeot 
Duy  be  partially  represented  as  follows  : 


Bilnbia. 


(C„H;,,N,0. 


IliliverdiD. 


'  (C5..H^jN^O,.j) ; 

Cboktcltn. 


2{C«.HmN^0,)  -  O,  +  4H2O  =  2(C„H^N.O,.2H  jO) 

lltlirutiui.  Hy(jrobi)irt>l>in. 


Judging  from  the  analogy  of  the  blood  pigment — from  whicli,  as 
vestull  see,  the  bile-pigment  is  derived,  and  the  changes  in  which, 
tlmjDgh  oxidation  and  reduction,  have  a  certain  superficial  resemblance 
Id  tboat  which  bilirubin  undergoes  when  it  is  converted  into  biliverdin, 
andwhich  biliverdin  undergoes  when  it  passes  back  again  to  bilirubin 
— *c  might  have  expected  bile  to  possess  a  characteristic  spectrum. 

This,  however,  is  not  the  case.  The  bile  of  most  animals  shows  no 
btilds  at  all.  The  fresh  bile  of  certain  animnls,  the  ox,  for  instance, 
does  show  bands — a  strong  one  over  Q  and  two  weaker  bands,  one 
of  which  IS  just  to  the  left  of  D,  and  the  other  to  the  right  of  it,  but 
narer  D  than  E.     The  two  last  bands  grow  stronger  when  the  bile 

IisiUowed  to  stand  for  twenty-four  liours,  and  in  about  three  days,  in 
warm  weather,  a  fourth  sharp  band  may  appear  between  C  and  B.  Bui 
noneof  iheae  bands  arc  due  to  the  normal  bile-pigment,  and  they 
2xt  not  essentially  changed  when  this  is  oxidized  or  reduced  by 
tlectfolysis.  MacMunn  attributes  the  spectrum  of  the  bile  of  the  ox 
an<l»heep  to  a  body  which  he  calls  cholohaemalin,  and  which  does 
not  belong  to  the  bile-pigments  proper.     Of  the  derivatives  of  the 

•  bilirubiti  set,  only  the  lowest  and  the  highest  members,  hydro- 
bilirubin  and  choletelin,  are  described  as  giving  absorption  spectra. 

Th«  Bile-ialU. — These  are  the  sodium  salts  of  two  acids, 

It^Iycocholic  and  taurocholic.  In  human  bile  both  are  present, 
Vut  the  former  in  greater  quantity  than  the  latter.  In  the 
tik  of  the  dog  and  cat  only  taurocholic  acid  is  found ;  in 
that  of  the  camivora  generally  it  is  by  far  the  more  im- 
ponant  of  the  two  acids ;  in  the  bile  of  herbivora  there  is 
niach  more  glycochoHc  than  taurocholic  acid. 
I  Both  acids  arc  made  up  of  a  non-nitrogenous  body,  cholic 
or  cholaljc  acid,  and  a  nitrogenous  body,  glycin  in  glyco- 
cfcolic,  and  taurin  in  taurocholic  acid. 

The  decomposition  of  the  bile -acids  into  these  substances  is 
Cacctcd  by  boiling  them  with  dilute  acid  or  allcali,  a  molecule  of 
•ita being  taken  up;  thus — 


I 


Cj,H„NO--t-H,0 

Clyoochouc  acitl. 

Cj«H„NSO,  +  H.,0  =  CaH-NSOa  -h  C 

TjmrooMlic  add.  Ta.urirt. 


C,H,N0,  +  C,,H„05; 

tjlycin.  Cli'ilic  lutd. 

.noiKBCia. 


Taurocholic  acid  is  much    more   easily  broken   up  than  glyco- 
cholic ;  even  boiling  with  water  is  sufficient. 
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Glyciti  is  amido-acetic  acid,  taurin  is  amido-isethionic  acid,  an 
atom  of  the  hydrogen  of  the  acid  being  in  each  case  replaced  by 
NHg.  A  notable  diflerence  between  glycocholic  and  taurocholic 
acid'  is  that  the  latter  contains  sulphur.     The  whole  of  this  belongs 

to  the  taurin. 

Traces  of  cholic  acid,  probably  formed  by  the  action  of 
putrefactive  products  on  the  bile-salts,  are   found   in   the! 
intestines,  especially  in  the  lower  portion. 

Pcttcttfio/ers  test  for  bile-acids  (Practical  Exercises,  p.  327), 
accidentally  discovered  in  examining  the  action  of  bile  upon 
sugar,  depends  upon  three  facts:  (1)  That  cholic  acid  and, 
furfurol  give  a  purple  colour  when  brought  together;  (2) 
that  the  bile-salts  yield  cholic  acid  when  acted  upon  by 
sulphuric  acid  ;  (3)  that  when  cane-sugar  is  decomposed  by  j 
strong  sulphuric  acid,  furfurol  is  formed. 

Since  a  similar  colour  is  given  when  the  same  reagents 
are  added  to  a  solution  containing  albumin,  it  is  necessary 
to  remove  this,  if  present,  from  any  liquid  which  is  to  be 
tested  for  bile-acids. 

Lecithin  and  choicsterin  are  by  no  means  peculiar  to  bile. 
They  are  found  in  almost  all  the  liquids  of  the  body,  and 
are  especially  important  constituents  of  the  nervous  substance. 
The  former  is  a  cr>*stallizable  fat  of  a  peculiar  nature,  con- 
taining nitrogen  and  phosphorus.  It  is  unstable,  and  when 
heated  with  baryta-water  it  yields  a  soap,  barium  stearate, 
which  is  precipitated,  and  two  other  substances,  neurin  and 
glycerin-phosphoric  acid,  which  remain  in  solution. 

Cholestcrin  is  a  triatomic  alcohol.  It  is  best  obtained  from 
white  gallstones,  of  which  it  is  the  chief,  and  sometimes 
almost  the  sole,  constituent  (see  Practical  Exercises,  p.  328). 

The  chief  inorganic  salt  of  bile  is  sodium  chloride.  The 
phosphoric  acid  of  the  ash  comes  partly  from  the  phosphorus 
of  organic  compounds  (lecithin  and  bile-mucin),  the  sulphuric 
acid  from  the  sulphur  of  taurin,  the  sodium  largely  from  the 
bile-salts.  Iron  is  a  notable  inorganic  constituent  of  bile, 
although  it  exists  onlj'  in  traces,  in  the  form  of  phosphate  of 
iron  ;  manganese  is  also  present.  100  cc.  of  fresh  bile  yields 
50  to  100  cc.  of  carbonic  acid,  part  of  which  is  in  solution 
and  part  combined  with  alkalies. 
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The  quantity  of  bile  secreted  in  twenty-four  hours  in  an 
average  man  is  probably  from  750  cc  to  a  litre. 

The  great  action  of  the  bile  in  digestion  is  undoubtedly 
tbe  emulsification  of  fats,  and  this  it  accomplishes,  not  by 
itself,  but  in  conjunction  with  the  pancreatic  juice. 

No  completely  satisfactory  explanation  has  been  given  of 
the  precise  nature  of  this  partnership,  but  it  is  certain  that 
the  fat-splitting  ferment  of  the  pancreatic  juice,  on  the  one 
hand,  and  the  bile-salts  on  the  other,  contribute  largely  to 
the  total  action.  An  alkaline  solution,  a  solution  of  sodium 
carbonate,  eg.,  is  unable  of  itself  to  emulsify  a  perfectly  neutral 
oil;  but  if  some  free  fatty  acid  be  added,  emulsification  is 
npid  and  complete.  Now,  there  is  no  doubt  that  here  a 
Soap  is  formed  by  the  action  of  the  alkali  on  the  fatty  acid, 
and  there  is  equally  little  doubt  that  the  formation  of  the 
soap  is  an  essential  part  of  the  emulsification.  But  it  is  not 
clear  in  what  manner  the  soap  acts,  whether  by  forming  a 
coating  round  the  oil-globules,  or  by  so  altering  the  char- 
acter of  the  solution  in  which  it  is  dissolved  that  they  no 
longer  tend  to  run  together.  However  this  may  be,  in 
pancreatic  juice  we  have  the  two  conditions  present  which 
this  simple  experiment  shows  to  be  necessar)'  and  sufficient 
for  emulsification ;  we  have  a  ferment  which  can  split  up 
neutral  fats  and  set  free  fatty  acids,  and  an  alkali  which  can 
combine  with  those  acids  to  form  soaps.  Accordingly, 
pancreatic  juice  is  able  of  itself  to  form  emulsions  with 
perfectly  neutral  oils.  It  is  possible  that  the  proteid  con- 
stitaents  of  pancreatic  juice,  and  particularly  a  substance 
resembling  alkali-albumin,  may  have  a  share  in  emulsifica- 
Iwd.  Id  bile,  on  the  contrary,  although  the  alkali  is  present, 
^here  is  no  fat-splitting  ferment,  and  according  to  the  latest 
experiments,  bile  alone  has  no  emulsifying  power.  But  we 
WW  come  to  a  remarkable  fact:  this  inert  bile  when  added 
to  pancreatic  juice  greatly  intensifies  its  emulsifying  action, 
"od  a  solution  of  bile-salts  has  much  the  same  effect  as  bile 
'^If.  The  fact  is  undoubted,  but  the  explanation  is  obscure, 
\\hat  it  is  that  bile  or  bile-salts  can  add  to  the  pancreatic 
juice  which  so  increases  its  power  of  emulsification.  we  do 
M  know.     It  is  indeed  true  that  the  bile,  in  virtue  of  \t& 
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alkaline  salts,  can,  in  presence  of  a  free  fatty  acid,  rapidly  form 
an  emulsion.  But  the  pancreatic  juice  itself  contains  a  con- 
siUerable  quantity  of  sodium  carbonate. 

A  part  of  the  effect  of  the  bile  seems  to  be  due  to  its  favour- 
ing in  some  way  the  fat-splitting  action  of  the  pancreatic  juice. 
The  capacity  of  dissolving  soaps,  which  is  a  property  of  the 
bile-salts,  would  undoubtedly  be  important  if  it  were  shown 
that  the  comparatively  small  emulsifying  power  of  pancreatic 
juice  by  itself  is  due  to  its  want  of  solvent  power  for  the  soaps 
which  it  forms,  and  especially  if  it  were  shown  that  soaps  such 
as  the  alkahne  stearates  produced  in  the  digestion  of  ordinary 
fatty  food,  which  are  soluble  in  water,  were  much  less 
soluble  in  the  pancreatic  secretion.  However  the  mutual 
action  of  the  two  juices  on  the  digestion  of  fats  may  be 
explained,  there  is  no  doubt  that  they  are  equally  necc5vsar)'. 
For  in  some  diseases  of  the  pancreas  fat  often  appears  in  the 
stools,  and  this  token  of  imperfect  digestion  of  the  fatty  food 
maybe  confirmed  by  the  wasting  of  the  patient;  and  the  same 
occurs  when  the  bile  is  prevented  by  obstruction  of  the  duct 
or  by  a  biliary  fistula  from  entering  the  intestine.  The  white 
stools  of  jaundice  owe  their  colour,  not  to  the  absence  of 
bile-pigment,  but  to  the  presence  of  fat,  for  the  normal 
colour  of  ffleces  is  due -to  hsematin  and  sulphides  of  iron. 
In  suckling  children  it  is  not  uncommon  to  sec  the  faces 
white  with  fat.  This  is  a  less  serious  symptom  than  in 
adults,  and  perhaps  betokens  merely  that  the  milk  in  the 
feeding-bottle  is  undiluted  cow's  milk,  which  is  twice  as 
rich  in  fat  as  human  milk,  and  ought  to  be  mixed  with  an 
equal  quantity  of  water. 

Bidder  and  Schmidt  found  that  the  chyle  in  the  thoracic 
duct  of  a  normal  dog  contained  3-2  per  cent,  of  fat.  In  a 
dog  with  the  bile-duct  ligatured  the  proportion  fell  to  0*2 
per  cent. 

Bile  has  been  credited  with  a  physical  power  of  aiding  the 
passage  of  fat  through  membranes,  and  it  has  been  inferred 
that  this  has  an  important  bearing  on  the  absorption  of  fat 
from  the  intestine.  But  the  inference  does  not  follow  from 
the  statement,  and  the  statement  has  been  itself  denied. 

On  proteids  bile  has  no  digestive  action.     The  addition 
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of  it  to  a  gastric  di|;est  causes  a  precipitate  of  acid'albumin 
(parapcptone),  albumose,  and  pepsin.  The  precipitate  is 
soluble  in  excess  of  bile,  or  of  a  solution  of  bile-salts,  but  the 
pepsin  has  no  longer  any  power  of  digesting  proteids.  Part 
of  the  bile-acids  is  also  thrown  down  by  the  acid  of  the 
digest. 

It  has  been  vaguely,  and  almost  helplessly  suggested,  in 
the  laudable  endeavour  to  find  functions  for  the  bile,  that  by 
ocutralising  the  chyme  bile  prepares  it  for  the  action  of  the 
pancreatic  juice.  But  since  the  contents  of  the  small 
iat(stioe  are  acid  throughout  the  whole  of  digestion,  it  is 
evident  that  the  excess  of  bile  required  to  neutralise  the 
chyme  and  redissolve  the  precipitated  proteids  does  not 
actoally  exist.  And  it  is  difficult  to  see  in  what  way 
the  precipitation  of  a  substance  can  prepare  the  way  for  its 
digfstion.  The  whole  discussion  is,  indeed,  an  illustration  of 
tbeharard  that  is  run  in  transferring  without  great  care  the 
results  of  digestion  in  vxiro  to  the  normal  and  natural 
processes  in  the  alimentary  canal. 

AUhough  bile  has  a  feebly  amylolytic  action,  this  is  not  to 
he  included  among  its  specific  powers,  for  a  diastatic  ferment 
ui  small  quantities  is  widely  diffused  in  the  solids  and  liquids 
of  the  body. 

8dwu»  EnterioTu. — This  is  the  name  given  to  the  special 
secretion  of  the  small  intestine,  which  is  supposed  to  be  a 
product  of  the  Lieberkiihn's  crypts  and  of  Brunner's  glands. 
1q  order  to  obtain  it  pure,  it  is  of  course  necessary  to  prevent 
admixture  with  the  bile,  the  pancreatic  juice,  and  the  food, 
f  his  is  done  by  dividing  a  loop  of  intestine  from  the  rest  by 
two  transverse  cuts,  the  abdomen  having  been  opened  in  the 
linea  alba.  The  continuity  of  the  digestive  tube  is  restored 
^y  stitching  the  portion  below  the  isolated  loop  to  the  part 
tboveitj  one  end  of  the  loop  is  sutured  to  the  lips  of  the 
wroQnd  in  the  tinea  alba,  and  the  other  being  ligatured,  the 
whole  forms  a  sort  of  test-tube  opening  externally  (Thiry's 
felala).  Or  both  ends  are  made  lo  open  through  the 
ibdomjnal  wound  (Vella's  fistula).  Another  method  is  to 
tnake  a  single  opening  in  the  intestine,  and  by  means  of  two 
indiarubber  balls,  one  of  which  is  pushed  down,  and  the  o\\vet 
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up  through  the  opening,  and  which  are  afterwards  inflate 
to  block  off  a  piece  of  the  gut  from  communication  with  the 
rest.  The  intestinal  juice  so  obtained  is  a  thin  yellowish 
liquid  of  alkaline  reaction.  Its  specific  gravity  is  about  loio. 
It  contains  a  small  amount  of  proteids*  and  about  the  same 
proportion  of  inorganic  salts  as  most  of  the  liquids  and 
solids  of  the  body,  namely  7  or  -8  per  cent ;  but  its  com- 
position seems  to  be  far  from  constant.  It  has  been  credited 
with  various  digestive  powers ;  in  fact,  according  to  one  or 
two  enthusiastic  observers,  it  would  almost  seem  to  sum  up 
in  itself  the  actions  of  all  the  other  digestive  juices,  and  to 
possess  besides  a  peculiar  activity  of  its  own.  But  we  need 
not  hesitate  to  say  that  in  the  work  of  digestion  it  plays  at 
most  a  ver}'  subordinate  part.  The  sodium  carbonate  which 
it  contains  may  aid  in  the  emulsion  of  fats.  A  ferment 
called  invertin — which  is  not  introduced  with  the  food  or 
formed  by  bacterial  action  as  has  been  suggested,  since  it 
occurs  in  the  aseptic  intestine  of  the  new-born  child — 
changes  cane-sugar  into  a  mixture  of  dextrose  and  levulose, 
both  reducing  sugars,  but  rotating  the  plane  of  polarization 
in  opposite  directions,  as  indicated  by  their  names;  some 
maltose  njay  be  changed  into  dextrose.  But  here  the 
catalogue  of  the  powers  of  the  succus  entericus  ceases ; 
on  proteids  and  starch  it  has  little  or  no  action. 

Having  now  finished  our  review  of  the  chemistry  of  the 
digestive  juices,  our  next  task  is  to  describe  what  is  known 
as  to  their  secretion — the  nature  of  the  cells  by  which  it  is 
effected  and  their  histological  appearance  in  activity  and 
repose,  and  the  manner  in  which  it  is  called  forth  and 
controlled. 

III.  The  Secretion  of  the  Bigettive  Jniees. 

The  digestive  glands  are  formed  originally  from  involu- 
tions of  the  mucous  membrane  of  the  alimentary  canal,  the 
salivar>'  glands  from  the  epiblast,  the  others  from  the 
hypoblast  Some  are  simple  unbranched  tubes,  in  which 
there  is  either  no  distinction  into  body  and  duct  as  in 
Lieberkahn's  crypts  in  the  intestines,  or  in  which  one  or 
more  of  the  tubes  open  into  a  duct,  as  in  the  glands  of  the 
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cardiac  end  of  the  stomach.  Some  are  branched  tubes, 
several  of  which  may  end  in  a  common  duct ;  such  are 
the  glands  of  the  pyloric  end  of  the  stomach,  and  the 
Bntnner's  glands  in  the  duodenum.  In  others  the  main 
doct  ramifies  into  a  more  or  less  complex  system  of  small 
clunnels,  into  each  of  the  ultimate  branches  of  which  one  or 
more  (usually  several)  of  the  secreting  tubules  or  alveoli  open. 
The  salivar)'  glands  and  the  pancreas  belong  to  this  class  of 
compound  tubular  or  racemose  glands,  and  so  does  the  liver 
of  such  animals  as  the  frog.  But  in  the  latter  organ  the 
lypkil  arrangement  is  obscured  in  the  higher  vertebrates  by 
the  predominance  of  the  portal  bloodvessels  over  the  system 
of  bile-channels  as  a  groundwork  for  the  grouping  of  the  cells. 
In  every  secreting  gland  there  is  a  vascular  plexus  outside 
ihe  cells  of  the  gland-tubes,  and  a  system  of  collecting 
channels  on  their  inner  surface;  and  in  a  certain  sense  the 
cells  of  every  gland  are  arranged  with  reference  to  the  blood- 
vessels on  the  one  hand,  and  the  ducts  on  the  other.  But 
la  the  ordinary  racemose  glands  the  blood-supply  is  mainly 
required  to  feed  the  secretion;  the  cells  of  the  alveoli  have 
either  no  other  function  than  to  secrete,  or  if  they  have  other 
feiDctions,  they  are  not  such  as  to  entail  a  great  disproportion 
between  the  size  of  the  cells  and  the  lumen  of  the  channels 
into  which  they  pour  their  products.  For  both  reasons  the 
relation  of  the  grouping  of  the  cells  to  the  duct-system  is 
vei)' obvious,  to  the  blood-system  very  obscure.  In  the  liver 
the  conditions  are  precisely  reversed.  We  cannot  suppose 
that  the  manufacture  of  a  quantity  of  bile  less  in  volume 
than  the  secretion  of  the  salivary  glands,  though  certainly 
containing  far  more  solids,  requires  an  immense  organ  like 
the  liver,  and  a  tide  of  blood  like  that  which  passes  through 
"^  portal  vein.  And,  as  we  shall  see,  the  hver  has  other 
lanctions,  some  of  them  certainly  of  at  least  equal  im- 
portance with  the  secretion  of  bile,  and  one  of  them 
evidently  requiring  from  its  very  nature  a  bulky  organ. 
Accordingly,  both  the  richness  of  the  blood-supply  and  the 
'iwofthe  secreting  cells  are  out  of  proportion  to  the  calibre 
of  the  ultimate  channels  that  carry  the  secretion  away. 
Thcso-caUed  bile-capillaries,  which  represent  the  lumen  ot 
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the  secreting  tubules,  are  mere  grooves  in  the  surface  of 
adjoining  cells;  and  the  architectural  lines  on  which  the 
liver  lobule  is  built  are  (i)  the  interlobular  veins  which  carry 
blood  to  it;  {2)  the  rich  capillary  network  which  separates 
its  cells  and  feeds  them  ;  (3)  the  central  intra-lobular  vein 
which  drains  it.  Thus  a  network  of  cells  lying  in  the  meshes 
of  a  network  of  blood-capillaries  takes  the  place  of  a  regular 
dendritic  arrangement  of  ducts  and  tubules;  and  in  accord- 
ance with  this  the  bile- capillaries,  instead  of  opening 
separately  into  the  ducts,  form  a  plexus  with  each  other 
within  the  hepatic  lobule. 

The  ducts  and  secreting  tubules  of  all  glands  are  lined  by 

cells  of  columnar  epithelial  type,  but  the  type  is  most  closely 

preserved  in  the  ducts.     In  none  of  the  digestive  glands  is 

there  more  than  a  single  complete  layer  of  secreting  cells. 

But  the  alveoli  of  the  mucous  salivarj-  glands  show  here  and 

there  a  crescent-shaped  group  of  small  deeply-staining  cells 

(crescents  of  Gianu^zi)  outside  the  columnar  layer  (Plate  11., 

I,  3),  and  between  it  and  the  basement  membrane,  while 

the  gland-tubes  of  the  cardiac  end  of  the  stomach  have  in 

the  same  situation  a  discontinuous  layer  of  large  ovoid  cells. 

termed  parietal  from  their  position,  oxyntic  (or  acid-secreting) 

from  their  supposed  function  (Fig.  82).     The  serous  salivary 

glands,  the  pancreas,  the  pyloric  glands  of  the  stomach,  the 

Lieberkiihn's  crypts,  have  but  a  single  layer  of  epithelium  ; 

and  since  there  is  no  hepatic  cell  which  is  not  in  contact 

with  at  least  one  bile-capillary,  the  liver  may  be  regarded  as 

having  no  more.     Remarkable  histological  changes,  evidently 

connected  with  changes  in  functional  activity,  have   been 

noticed  in  most  of  the  digestive  glands.    In  discussing  these, 

it  will  be  best  to  omit  for  the  present  any  detailed  reference 

to  the  liver,  since,  although  there  are  histological  marks  of 

secretive  activity  in  this  gland  as  well  as  in  others,  and  of 

the  same  general  character,  they  are  accompanied,  and  to 

some  extent  overlaid,  by  the  microscopic  evidences  of  other 

functions  (p.  3S2).     The   serous   salivary  glands   and   the 

pancreas  can  be  taken  together ;   so  can  the  cardiac  and 

pyloric  glands  of  the  stomach ;  the  mucous  salivary  glands 

must  be  considered  separately. 
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QuBfei  in  the  Pancreu  and  Parotid  daring  Secretion. — The 

cells  of  the  alveoli  of  the  pancreas  or  parotid  during  rest,  as 

can  be  seen  by  examining  thin  lobules  of  the  former  between 

the  folds  of  the  mesentery  in  the  living  rabbit,  or  fresh 

teased  preparations  of  the  latter,  are  tilled  with  fine  granules 

to  such  an  extent  as  to  obscure  the  nucleus.     In  the  parotid 

the  whole  cell  ts  granular,  in  the  pancreas  there  is  still  a 

narrow  dear   zone  at   the  outer  edge  of  the  cell   which 

contains   few    granules    or    none ;    in   both,    the   divisions 

hctween  the  cells  are  very  indistinct,  and  the  lumen  of  the 

alveolus  cannot  be  made  out.     During  activity  the  granules 

seem  to  be  carried  from  the  outer  portion  of  the  cell  towards 

the  lumen,  and   there  discharfjed  ;  the  clear  outer  zone  of 


DtM:ilAKCED'  STATE. 

V  rabbit's  p-mcTcaj.  •  Iwded "  (reating) :  A'.  *  di»charg«l '  (active),  (observed  ia  the 
lnift{«aimMl)(Ku}ineand  Lra).     B.  loaded  ;  B',  discJtarged,  alveolus  of  parotid  (frcab 

the  pancreatic  cell  grows  broader  and  broader  at  the 
expense  of  the  inner  granular  zone,  until  at  last  the  latter 
may  in  its  turn  be  reduced  to  a  narrow  contour  line  around 
'he  lumen.  In  the  uniformly  clouded  parotid  cell  a  similar 
^Dge  takes  place;  a  transparent  outer  zone  arises;  and, 
after  prolonged  secretion,  only  a  thin  edging  of  granules 
ffli)  remain  at  the  inner  portion  of  the  cell.  In  both  glands 
•lie  outlines  of  the  cells  become  more  clearly  indicated,  and 
[*  distinct  lumen  can  be  now  recognised.  The  cells  are 
jauUcr  than  they  are  during  rest,  and  in  the  pancreas  they 
[Stain  more  readily  with  carmine  and  other  protoplasmic 
ii^ics.  the  outer  zone  always  staining  more  deeply  than  the 
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inner,  as  is  the  case  with  the  same  zone  in   the  resting 
pancreatic  cell  (Plate  II.,  2). 

When  the  glands  are  hardened  with  alcohol,  or  most  of 
the  ordinary  hardening  reagents,  the  appearances  in  the 
serous  salivaiy  cells  differ  from  those  described,  for  the 
granules,  unlike  those  of  the  pancreatic  cells,  are  destroyed 
by  the  treatment,  and  the  two  zones  in  the  discharged  gland 
are  not  distinguishable  by  an3'  difference  in  the  depth  of  the 
carmine  stain.  But  in  the  rabbit's  parotid  after  secretion 
caused  by  prolonged  stimulation  of  the  sympathetic  the 
whole  cell  stains  more  deeply  than  the  loaded  cell,  and  its 
nucleus  is  large  and  spherical,  and  contains  well-marked 
nucleoli ;  in  contrast  to  the  small  shrivelled  nucleus  of  the 
resting  cell,  in  which  nucleoli  are  indistinct  or  absent.  Now. 
carmine  being  a  protoplasmic  dye,  it  is  fair  to  conclude  that 
depth  of  stain  is  proportional  to  amount  of  protoplasm 
present.  The  deeper  stain  of  the  outer  rim  of  the  pancreatic 
cell  during  rest  indicates  that  here  the  protoplasm  pre- 
dominates over  the  dead  and  unstained  products  of  its 
activity,  which  are  accumulated  in  the  rest  of  the  cell.  The 
increase  of  the  deeply-staining  zone  during  secretion  shows 
that  these  products  are  being  moved  towards  the  lumen  of 
the  alveolus,  and  that  the  relative  amount  of  protoplasm  in 
the  outer  ^one  is  being  increased,  although  the  absolute  sire 
of  the  cell  may  be  diminished.  The  deeper  stain  of  the 
parotid  cell  after  sympathetic  stimulation,  as  well  as  the 
changes  in  the  nucleus,  indicate  regeneration  of  protoplasm 
as  much  as  elimination  of  non-protoplasmic  elements,  for  in 
the  dog  changes  similar  to  those  in  the  rabbit  are  caused, 
although  the  amount  of  secretion  on  stimulation  of  the 
sympathetic  is  very  small,  and  generally  only  sufficient  to 
block  the  ducts  without  appearing  externally.  The  dis- 
appearance of  granules  from  without  inwards  during  activity 
suggests  that  these  are  manufactured  products  eliminated 
in  the  secretion. 

Ch&ngei  in  the  Glands  of  the  Stomach  daring  Secretion. — The 
mucous  membrane  of  the  stomach  is  covered  with  a  single 
layer  of  columnar  epithelium,  largely  consisting  of  mucigenous 
goblet-cells.     It   is   studded  with  minute  pits,  into  which 
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open  the  ducts  of  the  peptic  and  pyloric  glands,  the  ducts  being 
iioed  with  cells  just  like  those  of  the  general  gastric  surface. 
The  peptic  or  cardiac  glands  have  short  ducts,  into  each  of 
which  open  one  to  three  gland-tubes  seldom  branched.  The 
ducts  of  the  pyloric  glands  are  longer,  and  the  secreting 
tobales,  which  also  open  by  twos  or  threes  into  the  ducts,  are 
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branched.  The  secreting  parts  of  both  kinds  of  glands  are 
Lined  by  short  columnar,  finely  granular  cells;  and  in  the 
pyloric  tubules  no  others  are  present.  Bat,  as  we  have  said, 
the   peptic  glands  there  are   besides   large  ovoid  cells 
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scattered  at   intervals    like    beads   between   the   basement 
tnembrane  and  the  lining  or  chief  cells. 
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The  histological  changes  connected  with  secretion  do  not 
differ  essentially  from  those  described  in  the  pancreas  and 
the  parotid,  but  there  is  much  greater  difficulty  in  making 
observations  on  the  living,  or  at  least  but  slightly  altered, 
cells.  During  digestion  the  granules  seem  to  disappear  from 
the  outer  part  of  the  chief  cells,  both  in  the  peptic  and 
pyloric  glands,  leaving  a  clear  zone,  the  lumen  being  bor- 
dered, as  before,  by  a  granular  layer.  The  ovoid  cells  swell 
up,  so  as  to  bulge  out  the  membrana  propria,  but  no  definite 
changes  in  their  contents,  such  as  those  observed  in  the 
other  cells,  have  been  made  out. 

Chan^pes  in  Mucous  Olandt  during  Secretioa. — In  the  mucous 
salivary  and  other  mucous  glands  similar,  bat  apparently 
more  complex,  changes  occur.  During  rest  the  cells  which 
line  the  lumen  may  be  seen  in  fresh,  teased  preparations  to 
be  more  granular  than  when  the  gland  has  been  previously 
excited  to  active  secretion;  but  there  is  no  very  distinct 
difTerentiation  into  two  2ones.  But  that  a  discharge  of 
material  takes  place  from  these  cells  is  shown  by  their 
smaller  size  in  the  active  gland.  That  the  material  thus 
discharged  is  not  protoplasmic  is  indicated  by  the  behaviour 
of  the  cells  to  protoplasmic  stains  such  as  carmine.  The 
resting  cells  around  the  lumen  stain  but  feebly,  in  contrast 
to  the  deep  stain  of  the  demilunes,  while  the  discharged  cells 
take  on  the  carmine  stain  much  more  readily.  Further, 
when  a  resting  gland  is  treated  with  various  reagents 
(water,  dilute  acids,  or  alkalies),  the  granules  swell  up  into 
a  transparent  substance  apparently  identical  with  mucin, 
which  appears  to  fill  the  meshes  of  a  fine  protoplasmic 
network.  In  ordinary  alcohol -carmine  preparations  only 
the  network  and  nucleus  are  stained;  the  latter,  small 
and  shrivelled,  is  situated  close  to  the  outer  border  of  the 
cell.  When  a  discharged  gland  is  treated  in  the  same 
way  there  is  proportionally  more  *  protoplasm '  and  less 
of  the  clear  material,  what  remains  of  the  latter  being 
chiefly  in  the  inner  portion  of  the  cell,  while  the  nucleus 
is  now  large  and  spherical,  and  not  so  near  the  basement 
membrane  (Plate  II.,  x  and  3). 

Everything,  therefore,  points  to  the  granules  in  what  wc 
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way  now  call  the  mucin-forming  cells  as  being  in  some  way 
or  other  precursors  of  the  fully-formed  mucin ;  manufactured 
donng '  rest '  by  the  protoplasm  and  partly  at  its  expense, 
moved  towards  the  lumen  in  activity,  discharged  as  mucin 
in  the  secretion.  Not  only  is  the  protoplasm  lessened  in 
the  loaded  cell  and  renewed  after  activity,  but  it  seems  that 
many  of  the  mucigenous  cells  may  be  altogether  broken  down 
and  discharged,  their  place  being  supplied  by  proliferation  of 
the  small  cells  of  the  demilunes.  But  the  fact  on  which  we 
would  specially  insist  is  that  the  granules  of  the  resting 
mucigenous  cell  may  be  looked  upon  as  a  mother-substance 
from  which  the  mucin  of  the  secretion  is  derived  ;  they  are 
QOt  actual,  but  potential,  mucin. 

So  in  the  pancreas,  the  serous  salivary  glands,  and  the 
glands  of  the  stomach,  there  is  every  reason  to  believe  that 
the  granules  which  appear  in  the  intervals  of  rest,  and  are 
moved  towards  the  lumen  and  discharged  during  activity, 
are  the  precursors,  the  mother-substances,  of  important  con- 
stitaents  of  the  secretion-  These  granules  are  sharply 
marked  off  from  the  protoplasm  in  which  they  lie  and  by 
which  they  are  built  up.  By  every  mark,  by  their  reaction 
to  stains,  for  instance,  they  are  non-living  substance,  formed 
io  the  bosom  of  the  living  cell  from  the  raw  material  which 
it  culls  from  the  blood,  or,  what  is  more  likely,  formed  from 
its  o^Ti  protoplasm,  then  shed  out  in  granular  form  and 
secluded  from  further  change.  The  proteolytic  power  of 
an  extract  of  the  pancreas,  or  the  gastric  mucous  membrane, 
seems  to  be,  roughly  speaking,  in  proportion  to  the  quantity 
of  granules  present  in  the  cells.  Therefore  it  is  concluded 
that  the  granules  are  related  in  some  way  to  tr>'p5in  and 
pepsin. 

Bat  we  should  greatly  deceive  ourselves  if  we  supposed 
that  granules  of  this  nature  in  gland-cells  are  necessarily 
itiated  to  the  production  of  ferments.  The  mucigenous 
granules  have  no  such  significance.  Most  digestive  secre- 
tions contain  proteid  constituents,  with  which  the  granules 
day  have  to  do,  as  well  as  with  ferments.  And  bile,  a 
secretion  which  contains  no  mucin,  no  proteids,  and  no 
fennents,  as  essential  constituents,  is  formed  in  cells  with 
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fH'anuIes  so  disposed  and  so  aflfected  by  the  activity  of  the 
gland  as  to  suggest  some  relation  between  them  and  the 
process  of  secretion.  In  the  liver-cells  of  the  frog,  in 
addition  to  glycogen  and  oil-globuIeS|  small  granules  may 
be  seen,  especially  near  the  lumen  of  the  gland  tubules; 
they  diminish  in  number  during  digestion,  when  the  secre- 
tion of  bile  is  active,  and  increase  when  food  is  withheld  and 
secretion  slow.  And  in  Brunner's  glands,  as  well  as  in  the 
pyloric  glands,  many  of  the  granules,  as  seen  in  fasting  dogs 
(Savas),  appear  to  be  of  fatty  nature.  It  is  possible  that 
these  represent  the  fat  which  is  known  to  be  excreted  into 
the  alimentary  canal  (pp.  320,  322,  389). 

The  granules  in  the  ferment  -  forming  glands  are  not 
composed  of  the  actual  ferments,  and,  indeed,  the  actual 
ferments  are  present  in  the  secreting  cells  only  in  small 
amount,  if  at  all,  as  is  shown  by  the  following  facts: 

A  glycerine  extract  of  a  fresh  pancreas  has  hardly  any 
effect  on  proteids ;  a  similar  extract  of  a  state  pancreas  is 
very  active.  Therefore  the  fresh  pancreas  is  devoid  of 
tr^'psin.  But  it  contains  a  substance  which  can  readily 
be  changed  into  trypsin  ;  and  this  substance  is  soluble 
in  glycerine,  for  the  inert  extract  becomes  active  when  it  is 
treated  with  dilute  acetic  acid,  or  even  when  it  is  diluted  with 
water  and  kept  at  the  body-temperature.  If  the  fresh  pan- 
creas be  first  treated  with  dilute  acetic  acid,  and  then  with 
glycerine,  the  extract  is  at  once  active.  All  this  goes  to  show 
that  in  the  fresh  pancreas  not  trypsin,  but  a  mother-substance, 
which  has  been  named  trypsinogen,  is  present,  and  that  the 
latter  yields  trypsin,  gradually  when  the  pancreas  is  simply 
allowed  to  stand,  more  rapidly  when  the  dilute  acid  is  used. 
The  natural  secretion  of  the  gland  is  active  when  the  gland- 
cells  contain  no  ferment,  therefore  during  secretion  the 
trypsinogen  must  be  changed  into  trypsin. 

Similarly,  a  glycerine  extract  of  a  fresh  gastric  mucous 
membrane  is  inert  as  regards  proteids,  or  nearly  so.  Bat 
if  the  mucous  membrane  has  been  previously  treated  with 
dilute  hydrochloric  acid,  the  glycerine  extract  is  active,  as  is 
an  extract  made  with  acidulated  glycerine.  Here  we  must 
assume  the  existence  in  the  gastric  glands  of  a  mother- 
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SDbstance,  pepsinogen,  from  which  pepsin  is  formed.  Only 
the  chief  cells  of  the  cardiac  and  pyloric  glands  arc  believed 
to  manufacture  the  pepsin-forming  substance.  The  ovoid 
cells  of  the  former  are  supposed  to  secrete  the  hydrochloric 
acid.  The  eWdence  on  which  this  belief  is  based  is  as  follows  : 

The  pvJoric  glands,  which  contain  only  chief  cells,  secrete 
pepsin,  but  no  acid.  The  pyloric  portion  of  the  stomach 
has  been  isolated,  the  continuity  of  the  alimentary  canal 
restored  by  sutures,  and  the  secretion  of  the  pyloric  pocket 
collected.  It  was  found  to  be  alkaline,  and  contained 
pepsin.  The  glands  of  the  frog's  oesophagus,  which  contain 
only  chief  cells,  secrete  pepsin,  but  no  acid.  It  seems  fair 
to  conclude  that  the  chief  cells  of  the  cardiac  glands  in  the 
mammal  secrete  none  of  the  free  hydrochloric  acid,  but 
certainly  some  of  pepsin.  But  it  does  not  follow  that  all  the 
pepsin  is  formed  by  these  cells,  although  it  would  seem  that 
all  the  hydrochloric  acid  must  be  secreted  by  the  only  other 
glandular  elements  present,  the  ovoid  or  *  border '  cells. 
And,  indeed,  the  glands  in  the  fundus  of  the  frog's  stomach, 
which  are  composed  only  of  ovoid  cells,  while  secreting 
mach  acid,  also  form  some  pepsin,  although  far  less  than 
the  cEsophageal  glands.  The  rennet  ferment,  according  to 
Langle)',  is  formed  in  the  chief  cells,  and  has  a  precursor 
« zymogen  like  the  others. 

A  glycerine  or  watery  extract  of  the  salivary  glands  always 
contains  active  amylolytic  ferment,  if  the  natural  secretion 
i*  active.  So  that  if  ptyalin  is  preceded  by  a  zymogen  in 
^be  cells,  it  must  be  very  easily  changed  into  the  actual 
ferment. 

The  QnantitatiTe  Estimation  of  Ferment  Action. — Since  we 
^ve  as  yet  no  certain  method  of  freeing  ferments  from 
'iDporities,  our  only  quantitative  test  is  their  digestive 
activity.  And  since  a  very  small  quantity  of  ferment  can 
act  upon  an  indefinite  amount  of  material  if  allowed  suf- 
^cient  time,  we  can  only  make  comparisons  when  the  time  of 
<%stion  and  all  other  conditions  are  the  same.  If  we  find  that 
H  >  ffiven  quantity  of  one  pancreatic  extract,  acting  on  a  given 
B*^'sJit  of  fibrin,  dissolves  it  in  half  the  time  required  by  an 
*qual  amount  of  another  pancreatic  extract,  or  dissolves  tw\te 
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as  much  of  it  in  a  given  time,  we  conclude  that  the  difjestive 
activity  of  the  tr\-psin  is  twice  as  g^reat  in  the  first  extract  as 
in  the  second,  or,  as  it  is  sometimes  more  loosely  put,  that 
the  one  contains  twice  as  mucn  tnpsin  as  the  other.  A 
convenient  method  of  estimating  the  rate  at  which  the 
fibrin  disappears  is  to  use  fibrin  stained  with  carmine.  As 
solution  goes  on.  the  dye  colours  the  liquid  more  and  more 
deeply,  and  by  comparing  the  depth  of  colour  at  any  time 
with  standard  solutions  of  carmine,  the  quantity  of  the  dye 
set  free,  and  therefore  of  the  fibrin  digested,  can  be  approxi- 
mately arrived  at. 

The  relative  amounts  of  actual  ferment  and  of  zymogen, 
or  mother-substance,  in  a  digestive  gland  can  also  in  some 
cases  be  calculated,  but  not  with  any  great  exactness.  If, 
for  instance,  a  gastric  mucous  membrane  is  extracted  with 
glycerine  until  a  further  extract  has  little  or  no  proteolytic 
power,  and  then  treated  with  dilute  hydrochloric  acid,  the 
ready-formed  pepsin  will  be  all  in  the  glycerine  extract;  the 
pepsinogen  will  be  represented  by  the  ferment  in  the  acid 
extract ;  and  the  digestive  power  of  the  two  can  be  com- 
pared as  above  described. 

Another  method,  applicable  to  the  peptic  ferment,  depends 
on  the  fact  that  a  i  per  cent,  solution  of  sodium  carbonate, 
acting  for  a  very  short  time  (say  half  a  minute),  destroys 
pepsin,  but  not  pepsinogen.  By  determining  the  digestive 
power  before  and  after  this  treatment,  we  can  gain  some 
idea  of  the  relative  quantity  of  pepsin  and  pepsinogen 
originally  present. 

We  have  spoken  more  than  once  of  the  gland-cells  as 
manufacturing  their  secretions,  and  it  is  now  necessary  to 
consider  in  a  few  words  how  far  this  notion  of  their  being 
living  laboratories,  and  not  merely  passive  filters,  is  correct. 
It  is  evident  that  everj'thing  in  the  secretion  must,  in  some 
form  or  other,  exist  in  the  blood  which  comes  to  the  gland, 
and  in  the  lymph  which  bathes  its  cells.  No  glandular  cell, 
if  we  except  the  leucocytes,  which  in  some  respects  are  to  be 
considered  as  unicellular  glands, dips  directly  into  the  blood; 
everything  a  gland-cell  receives  must  pass  through  the  walls 
of  the  bloodvessels ;  the  blood  supplies  the  lymph,  and  the 
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J)*niph  nourishes  the  cell  And  since  lymph  is  practically 
diluted  biood-plasma,  anything  which  we  find  in  the  secre- 
tion and  do  not  find  in  the  blood  must  have  been  elaborated 
by  the  gland  from  raw  material  brought  to  it  by  the  latter  ; 
btit  it  does  not  follow  that  a  constituent  of  the  secretion 
which  is  also  found  in  the  blood  has  been  merely  passed 
through  the  cell.  For  example,  we  find  a  small  amount  of 
pepsin  in  the  blood,  but  there  is  no  reason  v/hatever  to  believe 
that  this  is  the  source  of  the  pepsin  secreted  by  the  gastric 
glands.  On  the  contrary,  it  is  possible  that  some  of  it  is 
taken  up  by  the  blood  from  these  glands,  while  some  of  it  at 
least  may  be  formed  by  the  leucocytes,  which  perhaps 
reiiuire  it  for  the  further  digestion  of  the  food  they  take  in 
from  the  blood,  or  as  one  of  the  weapons  with  which  they 
attack  and  destroy  injurious  bacteria. 

Manyfiict%  may  be  brought  forward  to  prove  that  the  characteristic 
constituenis  of  the  bile,  the  bile- pigments  and  bile-acids,  are  formed 
m  the  liver,  and  not  merely  separated  from  the  blood  Bile-pigment 
lai  indeed  been  recognised  in  the  normal 
4cnim  of  the  horse,  and  bile-acids  in  the 
cttvleof  the  dog,  but  only  in  such  minute 
inctt  as  are  easily  accounted  for  by  ab- 
*otittion  from  the  intestine.  Frogs  live  for 
»wc  lime  after  excision  of  the  liver,  but 
^  bile -acids  are  found  in  the  blood 
or  liasoes.  But  if  the  bile-duct  be  liga- 
tured, bile-acids  and  pigments  accumulate 
"1  ihc  body,  being  absorbed  by  the 
iTBiphatics  of  the  liver,  as  was  shown 
hjf  Lodwig  and  Fleischl  in  the  dog. 
If  the  thoracic  duel  and  the  bile-duct  are  both  ligatured,  no  bile- 
*Cid9  or  pigments  appear  in  the  blood  or  tissues.  In  mammals 
ooiion  of  the  liver  is  impracticable ;  and  life  cannot  be  maintained 
^  tny  length  of  time  after  ligature  of  the  portal  vein,  since  this 
t*>«)wj  the  whole  intestinal  tract  out  of  gear.  And  although  after  an 
inificial  communication  has  been  made  between  the  portal  and  the 
^1  rcRil  \e\n  or  the  inferior  cava,  the  portal  may  l>e  tied  and  the 
iimal  live  for  months  (Eck),  the  hepatic  circulation  is  not  completely 
ifmipted.  In  birds,  however,  there  exists  a  communicating  branch 
tween  the  portal  vein  and  a  vein  (the  renal-portal)  which  passes 
frwn  the  posterior  portion  of  the  body  to  the  kidney,  and  there 
'-  up  into  capillaries  ;  and  not  only  may  the  porul  be  tied,  but 
:f  may  be  Lompletely  destroyed  without  immediately  killing  the 
In'ihe  hours  of  life  that  still  remain  to  it  no  accumulation 
iiary  subsunccs  takes  place  in  the  blood  or  tissues.     A  further 
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indication  that  bile  pigment  is  produced  in  the  liver  is  the  fact  that 
the  liver  contains  iron  in  relative  abundance  in  its  cells  (p.  328),  and 
eliminates  small  quantities  of  iron  in  its  secretion.  Now  bile- 
pigment,  which  contains  no  iron,  is  certainly  formed  from  blood- 
pigment,  which  is  rich  in  iron,  for  hxmatoidin  (Fig.  84)  a  crystalline 
derivative  of  haemoglobin  found  in  old  extravasations  of  blood, 
especially  in  the  brain,  is  identical  with  bilirubin.  The  seat  of 
formation  of  bile  pigment  must  therefore  be  an  organ  jjeculbrly  rich 
in  iron.  The  existence  of  hsemotoidin,  however,  shows  that  bile- 
pigment  mtis\  under  certain  conditions,  be  formed  outside  of  the  hepatic 
cells.  The  occurrence  of  biliverdin  in  the  placenta  of  the  bitch  points 
in  the  same  direction.  But  the  pathological  evidence  in  favour  of  the 
pre-formation  of  the  biliary  constituents  tends  rather  to  shrink  than  to 
increase.  For  many  cases  of  what  used  to  be  considered  '  idiopathic ' 
or  '  haematogenic '  jaundice,  i.r,  an  accumulation  of  bile-pigments 
and  bile-acids  in  the  tissues,  due  to  defective  elimination  by  the  liver,  ' 
are  now  known  to  be  caused  by  obstruction  of  the  bile-ducts  and  \ 
consequent  re-absorption  of  bile  (*  obstructive  '  or  *  hepatogenic' 
jaundice).  | 

But  if  substances  such  as  the  ferments,  mucin,  hydrochloric 
acid,  the  bile-salts  and  bile-pigments,  are  undoubtedly  manu- 1 
factured  in  the  gland-cells,  it  is  different  with  the  water  and 
inorganic  salts  which  form  so  large  a  part  of  everj'  secretion-] 
No   tissue  lacks  them ;    no   physiolo^cal  process  goes   oaj 
without  them  ;   they  are  not  high  and  special  products.     As. 
we  breathe  nitrogen  which  we  do  not  need  because  it  is  mi\ed| 
with  the  oxygen  we  require,  the  secreting  cell  passes  through 
its  substance  water  and  salts  as  a  sort  of  by-play  or  adjunct 
to  its  specific  work.     But  this  is  not  the  whole  truth.     The 
gland-cell  is  not  a  mere  filter  through  which  water  and  salts 
pass  in  the  same  proportions  as  they  c.\ist  in  the  liquids 
from  which  the  cell  draws  them.     The  secretions  of  different 
glands  differ  in  the  nature,  and  especially  in  the  relative 
proportions,  of  their  inorganic  constituents ;  and  the  secre- 
tion of  one  and  the  same  gland  is  by  no  means  constant  in 
this  respect,  as  we  shall  have  to  note  more  especiaih*  when 
we  come  to  deal  with  the  influence  of  the  nervous  system  on 
secretion  (p.  292). 

The  protcid  substances,  such  as  serum-albumin  and 
globulin,  common  to  blood  and  to  some  of  the  digestive 
secretions,  take  a  middle  place  between  the  constituents 
that  are  undoubtedly  manufactured  in  the  cell  and  those 
which    seem    by  a  less  special  and  laborious,   though  a 
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sriecthre,  process  to  be  passed  through  it  from  the  blood. 
Their  absence  from  bile,  and,  as  we  shall  see.  from  urine, 
cfaeir  abundance  in  pancreatic  and  scantiness  in  gastric 
juice,  point  to  a  closer  dependence  upon  the  special  activity 
of  the  gland-cell  than  we  can  suppose  necessary*  in  the  case 
of  the  salts. 

Attboogh  it  is  in  the  cells  of  the  digestive  glands  that  the 
power  of  forming  ferments  is  most  conspicuous,  it  is  by  no 
means  confined  to  them.  It  seems  to  be  a  primitive,  a 
native  power  of  protoplasm.  Lowly  animals,  like  the 
amoeba,  lowly  plants,  like  bacteria,  form  ferments  within  the 
single  cell  which  serves  for  all  the  purposes  of  their  life. 
The  ferment-secreting  gland-cells  of  higher  forms  are 
perhaps  only  lop-sided  amcebse,  not  so  much  endowed  with 
new  properties  as  disproportionately  developed  in  one 
direction.  The  contractility  has  been  lost  or  lessened,  the 
digestive  power  has  been  retained  or  increased  ;  just  as  in 
mascle  the  power  of  contraction  has  been  developed,  and 
ihat  of  digestion  has  fallen  behind.  The  muscle-cell  and  the 
canilage-cell  are  parasites,  if  we  look  to  the  function  of 
(iigestion  alone.  They  live  on  food  already  more  or  less 
prepared  by  the  labours  of  other  cells;  and  it  is  a  universal 
law  that  in  the  measure  in  which  a  power  becomes  useless  it 
disappears.  But  the  presence  of  pepsin  in  the  white  blood- 
coq)ascles,  the  parasites  as  well  as  the  scavengers  of  the 
blood,  and  of  amylolytic  ferments  in  many  tissues,  should 
«^rn  us  not  to  conclude  that  the  power  of  forming  ferments 
Wongs  exclusively  to  any  class  of  cells.  And  it  is  possible 
^hat  food-substances  absorbed  from  the  blood  are  further 
^boraled  by  ferment  action  within  the  tissues  themselves ; 
*'bilc  many  facts  show  that  the  power  of  contraction  is 
*KUly  diffused  among  structures  whose  special  function  is 
^  different,  and  a  few  point  to  its  possession  in  some 
dci^ree  even  by  glandular  epithelium.  On  the  other  hand, 
it  must  be  remembered  that  none  of  the  digestive  glands 
^rb  food  directly  from  the  alimentary  canal  to  be  then 
digested  within  their  own  cell-substance;  the  ferments 
*bicb  they  form  do  their  work  outside  of  them  ;  their  cells 
fced  also  upon  the  blood. 
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Wfey  are  the  Tunes  of  Digestion  not  affected  by  the  Directive 
Formntat — This  is  the  place  to  mention  a  point  which  has 
been  ver>'  much  debated,  though  never  satisfactorily  ex- 
plained :  Why  is  it  that  the  stomach  or  the  small  intestine 
does  not  digest  itself?  This  is  really  a  part  of  a  wider 
question  :  Why  is  it  that  living  tissues  resist  all  kinds  of 
inRuences,  which  attack  dead  tissues  with  success  ?  The 
living  leucocyte  destroys  bacteria  by  which  the  dead 
leucocyte  is  broken  up ;  it  kills  and  digests  them  by  sub- 
stances formed  within  itself,  but  its  own  living  protoplasm  is 
not  digested.  Or  if  the  battle  goes  the  other  way.  the 
bacteria  kill  the  leucocyte,  and  break  it  up,  perhaps,  by  the 
aid  of  ferments  of  their  own  manufacture  which  affect  it  but 
not  them.  The  amoeba  digests  food  in  its  cell-substance, 
but  does  not  digest  itself.  The  pancreatic  cell  produces 
ferments  which  ruin  it  soon  after  death,  but  are  perfectly 
harmless  during  life.  The  pancreatic  juice  acts  with  great 
intensity  upon  proteids,  but  the  living  pancreas  and  the 
living  intestinal  wall  are  immune  to  it.  When  we  ascribe 
these  things  to  the  resistance  of  living  tissues,  we  play 
with  words.  Is  this  a  general  resistance  of  all  living 
tissues,  or  a  specific  resistance  of  certain  tissues  to  certain 
influences?  Are  all  living  tissues,  or  only  the  gastric  and 
intestinal  walls,  shielded  from  the  attack  of  the  digestive- 
ferments?  and  if  all  living  tissues  are  protected,  are  tbey 
protected  against  all  ferments,  or  only  against  those  pro- 
duced by  themselves  or  by  the  organism  of  which  they  form 
a  part,  against  comparatively  inactive  fermentSj  or  equally 
against  the  most  powerful  ? 

That  all  living  tissues  cannot  withstand  the  action  of  the 
gastric  juice  has  been  shown  by  putting  the  leg  of  a  living 
frog  inside  the  stomach  of  a  dog ;  the  leg  is  gradually  eaten 
away  (Bernard).  It  is  scarcely  to  the  point  to  say  that  it 
has  first  been  killed  and  then  digested.  Why  is  the  stomach- 
wall  not  first  killed  and  then  digested?  When  the  wall  has 
been  injured  by  caustics  or  by  an  embolus,  the  gastric  juice 
acts  on  it.  But  the  living  epithelium  that  covers  it  is  able 
to  resist  the  action  of  the  acid  and  pepsin,  which  destroy  the 
tissues  of  the  frog's  leg.     The  alkalinity  of  the  blood  has 
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DOthing  to  do  with  the  explanation,  for  the  frog's  blood  is 

also  alkaline,  and  the  cells  that  line  the  pancreatic  ducts  are 

preserved  from  the  pancreatic  juice,  which  is  intensely  active 

in  an  alkaline  medium.     In  the  gland-cells  of  the  pancreas 

the  protoplasm  is,  no  doubt,  shielded  from  digestion  by  the 

Lwsislencc  of  the   ferment   in   an   inert   form   as  zymogen ; 

ad  it  is  possible  that  this  is  the  reason,  or  at  least  one  of 

the  reasons,  for  the  existence  of  the  mother-substance.     A 

certain  amount  of  protection  may  be  afforded  to  the  walls  of 

the  stomach  by  the  thin  layer  of  mucus  which  covers  the 

rbole  cavity,  for  mucin  is  not  affected  by  peptic  digestion. 

ind  a  mucous  secretion  seems  in  some  other  cases  to  act  as 

Fa  protection  to  the  walls  of  hollow  viscera  whose  contents 

are  sgcb  as  would  certainly  be  harmful  to  more  delicate 

membranes,  c.g.^  in  the  urinar)*  bladder,  large  intestine,  and 

gallbladder.     Still,  however  important  such  a  mechanical 

pfotcctioa  may  be,  it  does  not  explain  the  whole  matter, 

and  it  is  necessary  to  suppose  that  the  gastric  epithelium 

has  some  special  power  of  resisting  the  gastric  juice,  possibly 

I      by  turning  any  of  the  ferment  which  may  invade  it  into  an 

k inert  substance  like  the  z>mogen,  or  by  opposing  its  entrance 

P  as  the  epithelium  of  the  bladder  opposes  the  absorption  of 

r     urea.    That  each  membrane  becomes  accustomed,  and,  so 

to  speak,  *  immune/  to  the  secretion  normally  in  contact 

with  it  is  certain;  but  this  is  not  a  general,  but  a  special, 

i       vital  action. 

\STiat  living  tissues  but  the  lining  of  the  urinary  tract  or 
^m  of  the  large  intestine  could  bear  the  constant  contact  of 
B  urine  or  fsces  ?  When  urine  is  extravasatcd  under  the  skin 
or  the  contents  of  the  alimentar)*  canal  burst  into  the  peri- 
^toneal  cavity,  they  are  still  in  contact  with  a  living  surface, 
H  but  with  a  surface  much  less  htted  to  resist  them  than  that 
^|b)' which  they  are  normally  enclosed  :  and  the  consequences 
^>re  often  disastrous.  Leucocytes  thrive  in  the  blood,  but 
perish,  in  urine  ;  blood  does  not  harm  the  living  cells  of  the 
[Vessels,  but  kills  a  muscle  whose  cross  section  is  dipped  in 
jThe  defensive,  or  rather  in  some  cases  offensive,  liquids 
led  by  many  animals  are  harmless  to  the  tissues  which 
^produce  and  enclose  them :  a  caterpillar  investigated  b^ 
Peollon  secretes  a  liquid  sometimes  containing  40  per  cent. 
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of  formic  acid,  but  the  mere  contact  of  this  would  kill  most 
cells.  The  so-called  saliva  of  Octopus  macropus  contains  a 
substance  fatal  to  the  crabs  and  other  animals  on  which  ii 
preys.  The  blood  of  the  viper  contains  an  active  principle 
similar  to  that  secreted  by  its  poison-glands,  but  its  tissues 
are  not  affected  by  this  substance,  so  deadly  to  other  animals. 


The  Influence  of  the  Nervous  System  on  the  Digestive  Glands. 

The  greater  part  of  our  knowledge  of  this  subject  has  been 
gained  by  the  study  of  the  salivar>'  glands,  and  especially 


FlO.    85.— ^HEUE  OF   THE  NESVES  OF  THE  S,U.IVAKV 

Glands. 


SM  and  .SL,  nibnuuiniry 
and  sublingual  gUnds :  P. 
parotid;  V,  fifth  nnve;  VII. 
bdal;  GP,  glouo-ptrnmi* 
KCttl :  L,  liDstul ;  CT. 
chordA  tjrmpani  ;  CL, 
chordo-^nguiil  ;  U,  subtntx- 
ilUry  (Wlurton's)  duct;C. 
^ADgtlon  cell  Df  so-called 
.subinaxitlary  ganglion  in  the 
cliordo-l(ngu.-Ll  ui^ngltf.cofl- 
iif^ifrd  with  a  ncnc  fibre 
voing  10  sublingual  gUnd. 
t  ".  E'^^^glton  c«ll  in  hilusof 
iuhma-^itUry  ^lond  ,  SSf. 
siiiall  fcupeificial  prtrani 
Ur.'iiiLlibl  the  facta! ;  OG.olic 
(;angliDn :  JN.  Jncoteon'l 
nrrvp  ;  C,  gaQghoo  cells  hi 
supe:  ior  cervical  g,ioglioo 
'(SO)  connected  w.itb  sympr 

Ithetic  fibrvs  goini;  to  paJro- 
tid,  uibmaxiluiry  and  sab* 


Ungual  glands. 


the  submaxillar)'  and  sublingual,  which  lie  superficially  and 
are  easily  exposed. 

(I)  The  Influence  of  Nerves  on  the  Salivary  Olands. — All  the 
salivary  glands  have  a  double  nerve-supply,  from  a  cerebral 
nerve  and  from  the  sympathetic  (Fig.  85).  The  fibres  from 
the  latter  run  in  the  cervical  sympathetic,  pass  through^e 
superior  cervical  ganglion,  and  reach  the  glands  along  their 
bloodvessels.  Langley  has  shown,  by  means  of  nicotin  (p.  zSg). 
which  paralyzes  ner\'e-cells  much  more  readily  than  ner\'e- 
fibres,  that  the  sympathetic  fibres  for  the  submaxillary  and 
sublingual^  and,  indeed,  for  the  head  in  general  in  the  dog  and 
cat,  are  connected  with  nerve-cells  in  this  ganghon,  but  not 
between  it  and  their  termination,  or  between  it  and  their 
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on^  from  the  spinal  cord.    In  the  dog  the  chorda  tympani 

branch  of  the  facial  nerve  carries  the  cerebral  supply  of  the 

sablingual  and   submaxillar)*  glands.      It  joins  the  lingual 

branch  of  the  fifth  nerve,  runs  in  company  with  it  for  a  little 

Hpray.  and  then,  breaking  off,  after  giving  some  fibres  to  the 

^Kngual.   passes,    as    the    chorda    tympani    proper,    along 

H^'harton 's  duct  to  the  submaxillary  gland.     In  the  hilus  of 

Bthis  gland  most  of  its  fibres  become  connected  with  nerve- 

^  cells  and  lose  their  medulla  in  them,  a  few  having  lost  it 

I     before  entering  the  hilus,  and  a  few  doing  so  deeper  in  the 

Hkland.     The    lingual,    the    chorda    tympani    proper,    and 

^piiarton's  duct  form  the  sides  of  what  is  called  the  chordo- 

^pngual  triangle.     Within    this   triangle    are    situated    many 

^an^ioQ  cells,  a  special  accumulation  of  which  has  received 

the  name   of  the   submaxillary  ganglion.      This,   however, 

shoald  rather   be   called  the  sublingual  ganglion,  since   its 

^■BcUs,  as  well  as  the  others  m  the  chordo-lingual  triangle, 

aie  connected   with   fibres  going  to   the   sublingual  gland, 

which  become  rion-meduUated  after  joining  the  nerve-cells. 

The  sublingual  gland  receives  its  cerebral  fibres  partly  from 

Wanches  given  off  from  the  lingual   in   the   chordo-lingual 

triangle  after  the  chorda  tympani  proper  has  separated  from 

rt,  and  joining  the  nerve-cells  within  that  triangle,  partly 

from  the  chorda  itself  in  the  terminal  portion  of  its  course. 

These  statements   rest    on    anatomical    and    physiological 

evidence.     The  latter  we  shall  return  to. 

I         The  cerebral  fibres  for  the  parotid  (in  the  dog)  pass  from 

^t  tympanic  branch  of  the  glosso- pharyngeal  (Jacobson's 

nerve)  through  connecting  filaments  to  the  small  superficial 

ptlrosal  branch  of  the  facial,  with  this  ner\'e  to  the  otic 

pnglion,  and  thence  by  the  auriculo-temporal  nerve  to  the 

«lud. 

»        \Vhen  in  the  dog  a  cannula  is  placed  in  Wharton's  duct^ 

mdihe  saliva  collected  (p.  324),  it  is  found  that  stimulation  of 

^e  peripheral  end  of  the  divided  chorda  causes  a  brisk  flow 

I      of  watery  saliva,  and  at  the  same  time  a  dilatation  of  the 

^■Vessels  of  the  gland,  which  we  have  already  described  in 

^Pdealing  with  vaso-motor  nerves  (p.  129).     That  the  increased 

«creUon   is   not  due  merely  to  the  greater  blood-SMppX^ , 

^  the  consequent  increase  of  capiilary  pressure,  is  sYvoviU 
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by  the  injection  of  atropia,  after  which  stimulation  of  the 
nerve,  although  it  still  causes  dilatation  of  the  vessels,  is  not 
followed  by  a  flow  of  saliva.  Further,  mere  increase  of 
pressure  could  not  in  any  case  of  itself  account  for  the 
secretion,  since  it  has  been  found  that  the  maximum 
pressure  in  the  salivarj*  duct,  may,  during  stimulation  of  the 
chorda,  much  exceed  the  arterial  blood-pressure  (Ludwig). 
In  one  experiment,  for  example,  the  pressure  in  the  carotid 
of  a  dog  was  125  mm,,  in  Wharton's  duct  195  mm.  Hg. 

Even  in  the  head  of  a  decapitated  animal  a  certain 
amount  of  saliva  may  be  caused  to  flow  by  stimulation  of 
the  chorda,  but  too  much  may  easily  be  made  of  this. 
And  since  the  blood  is  the  ultimate  source  of  the  secretion, 
we  could  not  expect  a  permanent  or  copious  flow  in  the 
absence  of  some  circulation,  even  if  the  gland-cells  could 
continue  to  live.  In  fact,  when  the  circulation  is  almost 
stopped  by  strong  stimulation  of  the  sympathetic,  the  flow  of 
saliva  caused  by  excitation  of  the  chorda  is  at  the  same  time 
greatly  lessened  or  arrested,  even  though  the  sympathetic 
itself  possesses  secretorj'  fibres.  So  that,  while  there  is  no 
doubt  that  the  chorda  tympani  contains  fibres  whose  function 
is  to  increase  the  activity  of  the  gland-cells,  its  vaso-dilator 
action  is.  under  normal  conditions,  closely  connected  with, 
and,  indeed,  auxiliary  to,  its  secretory  action,  although  the 
former  does  not  directly  produce  the  latter.  This  is  only  a 
particular  case  of  a  general  physiological  law,  that  an  organ 
in  action  always  receives  more  btuod  than  the  same  organ  in 
uposct  or,  in  other  words,  that  the  tissues  are  fed  according  to 
their  needs.  The  contracting  muscle,  the  secreting  gland,  is 
flushed  with  blood,  not  because  an  increased  blood-flow  can 
of  itself  cause  contraction  or  secretion,  but  because  these 
high  efforts  require  for  their  continuance  a  rich  supply  of 
what  blood  brings  to  an  organ,  and  a  ready  removal  of 
what  it  takes  away. 

The  quantity  of  blood  passing  through  the  parotid  of  a 
horse  when  it  is  actively  secreting  during  mastication  may- 
be quadrupled  (Chauveau).  The  parallel  between  the  muscle 
and  the  gland  is  drawn  closer  when  it  is  stated  that  electrical 
changes  accompany  secretion  (see  Chapter  XL),  and  that 
the  rate  of  production  of  carbonic  acid  and  consumption  of 
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oxygen  rises  during  activity.  The  temperature  of  the  saliva 
flowng  from  the  dog's  submaxillary  during  stimulation  of 
the  chorda  has  been  found  to  be  as  much  as  1*5°  C.  above 
that  of  the  blood  of  the  carotid,  although  with  the  gland  at 
[  rest  no  constant  difference  could  be  found  (Ludwig).  But 
'      such  measurements  are  open  to  many  fallacies ;  and  while 

(there  is  no  doubt  that  more  heat  is  produced  in  the  active 
than  in  the  passive  gland,  it  will  not  be  surprising,  when  the 
rasily  increased  blood-flow  is  remembered,  that  no  difference 
of  temperature  between  the  incoming  and  outgoing  blood  has 
been  satisfactorily  demonstrated,  although  we  must  assume 
Klfaat  such  a  difference  exists. 

H  How  the  secretory  fibres  of  the  chorda  end  in  the  gland 
we  do  not  know.  We  can  hardly  doubt  that  they  must  be 
connected  with  the  secreting  cells,  although  Pfliiger's  obser- 
^-Vations.  which  seemed  to  establish  this  connection,  have  not 
^Keen  coofirmed.  In  the  'salivary'  glands'  of  the  cockroach, 
Hbowever,  nerve-fibres  have  been  shown  to  end  in  the  cells. 

~  Elect  of  Nicotine  on  Nerve  cells. — It  has  already  been  mentioned 
that  most  of  the  fibres  of  the  chorda  tyrapani  proper  become  con- 
Dected  wjih  ganglion<eIls,  and  lose  their  medulla  inside  the  sul)- 

j  »ailbr>-  gland,  only  a  few  having  already  lost  it  by  a  similar 
coflDcdion  wiih  ganglion-cells  in  the  chordo-lingual  triangle  ;  and  it 
is  no»  necessary  to  say  something  of  the  physiological  method  l)y 
*tiich  this  knowledge  has  chiefly  been  gained,  especially  as  it  has 

'  pfoved  to  be  of  great  value  in  the  investigation  of  the  nervous  paths 
in  many  parts  of  the  body.  U'hen  a  suitable  dose  of  nicotine  is 
iDjt^ed  into  a  vein,  or  a  suitable  solution  locally  applied,  it  is 
pOsaWe  to  paralyze  for  a  longer  or  shorter  time  the  ganglion  cells 
00  the  course  of  peripheral  nerves,  without  affecting  the  nerve-fibres, 
^question  as  to  whether  efferent  fibres  are  connected  with  nerve- 
ttUa  between  a  given  point  and  their  peripheral  distribution,  can  be 
fs»cred  by  observing  whether  any  effect  of  stimulation  is  abolished 
f'\  nicotine.  The  precise  position  of  the  nerve-cells  can  be  determined 
'■  stimulating  the  nerve  at  points  nearer  and  nearer  to  its  termina- 
^fi,«nd  noting  the  part  at  which  stimulation  first  becomes  effective; 
^i»  must  be  peripheral  to  the  ner\*e-cells,  or  some  of  them.  Now.  it 
•*  feond  that,  after  the  injection  of  nicotine  (25  to  30  mg.  in  a  dog 
*Bglung  6  kilos),  stimulation  of  the  chorda  tympani  proper  or  of  the 
^'xtdo-lmgual  nerve  causes  no  secretion  from  the  submaxillary 
^VMi;  but  stimulation  of  the  hilus  uf  the  gland  is  followed  by  a 
*'^P»M  secietion — as  much,  if  the  stimulation  is  fairly  strong,  as  was 
**ised  by  excitation  of  the  nerve  before  injection  of  nicotine.  I'hatthis 
■due  neither  to  any  direct  action  on  the  gJand-cells,  nor  to  sl\mu\a.- 
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tion  of  the  sympathetic  plexus  on  the  submaxillary  artery,  but  to 
stimulation  of  chorda  fibres  beyond  the  hilus,  is  shown  by  the  fact 
that  after  atropia  has  been  injected  in  sufficient  amount  to  paralyze 
the  nerve  endings  of  the  chorda,  but  not  of  the  sympathetic,  stimula- 
tion of  the  hilus  causes  little  or  no  flow  of  saliva.  The  application  of 
nicotine  solution  to  the  chordo-lingual  triangle  does  not  affect  the  sub- 
maxillary secretion  caused  by  stimulation  of  the  chordo-lingual  nerve, 
even  in  cjses  where  a  few  secretory  fibres  for  the  submaxillary  do 
not  leave  the  chordo  lingual  nerve  in  the  chorda  tympani  proper, 
but  are  given  off  to  the  chordo-lingual  triangle.  This  shows  that 
none  of  the  ganglion-cells  in  the  triangle  are  connected  with  the 
cerebral  secretory  fibres  o  f  the  submaxillary  gland.  By  observations 
of  the  same  kind  they  are  known  to  be  connected  with  fibres  going 
to  the  sublingual.  In  a  similar  way,  by  ob5er\*ing  the  effects  of 
stimulation  of  the  chorda  on  the  bloodvessels  before  and  after  the 
application  of  nicotine,  it  has  been  found  that  the  vasodilator  fibres 
are  connected  with  ganglion-cells  in  the  same  positions  as  the 
secretory  fibres  (Langley). 

The  sympathetic,  as  has  been  already  indicated,  contains 
both  vaso-constrictor  and  secretory  fibres  for  the  salivary 
glands.  If  the  cervical  sympathetic  in  the  dog  is  divided, 
and  the  cephalic  end  moderately  stimulated,  a  thick  viscid 
and  scanty  saliva  flows  from  the  submaxillary  and  sublingual 
ducts,  while  the  current  of  blood  through  the  glands  is 
diminished.  As  a  rule,  no  visible  secretion  escapes  from  the 
parotid,  but  microscopic  examination  shows  that  many  of 
the  ductules  are  filled  with  fluid,  which  is  apparently  so 
thick  as  to  plug  them  up  (Langley)  ;  while  the  cells  show 
signs  of  *  activity.'  When  the  chorda  and  sympathetic  are 
stimulated  together,  the  former  prevails  so  far,  with  moderate 
stimulation  of  the  latter,  that  the  submajcillary  saliva  is 
secreted  in  considerable  quantity,  and  is  not  particularly 
viscid  ;  it  is,  however,  richer  in  organic  matter  than  is  the 
chorda  saliva  itself.  When  the  chorda  is  weakly,  and  the 
sympathetic  strongly  excited,  the  scanty  secretion  (if  there 
is  any)  is  of  sympathetic  type,  thick  and  rich  in  organic 
matter.  With  strong  stimulation  of  both  nerves,  the  secre- 
tion is  plentiful  and  watery;  with  stimulation  just  strong 
enough  to  cause  secretion  when  applied  separately  to  either 
nerve,  there  is  no  secretion  when  it  is  applied  simultaneously 
to  both. 
All  this  refers  to  the  dog.     In  this  animal,  then,  there 
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seems  to  be  a  certain  amount  of  physiological  antagonism 
between  the  secretor>*  action  of  the  two  nerves.  But  it. 
K  differs  in  one  respect  from  the  antagonism  between  their  vaso- 
"  motor  6bres  ;  for  with  strong  stimulation  the  constrictors  of 
tfae  sympathetic  always  swamp  the  dilators  of  the  chorda, 
while  the  secretory  fibres  of  the  chorda  appear  to  prevail 
over  those  of  the  sympathetic.  And  in  all  probability  this 
apparent  secretory  antagonism  is  very  superficial ;  and  what- 
ever interference  there  may  be  between  the  two  nerves  is 
not  due  to  the  one  annulling  the  influence  of  the  other 
on  the  gland-cells,  but  to  the  cells  being  called  by  them 
to  different  labours,  in  general  complementary  to  each 
other,  and  only  incompatible  in  so  far  as  the  working  power 
of  the  cells  may  not  be  able  to  respond  at  the  same  time  to 
lar^  demands  from  both  sides.  For  the  sympathetic  always 
adds  something  to  the  common  secretion  when  there  is  a 
secretion  at  all,  this  something  being  represented  by  an 
increase  in  the  percentage  of  organic  matter.  Not  only  so, 
bat  the  sympathetic  effect  persists  after  stimulation  has 
been  stopped  :  and  excitation  of  the  chorda  after  previous 
stimulation  of  the  sympathetic  causes  a  flow  of  saliva  richer 

kin  organic   matter  than  would   have  been  the  case  if  the 
sjinpathetic  had  not  been  stimulated. 

Indeed,  the  distinction  between  chorda  and  sympathetic 
saliva,  which,  by  taking  account  of  the  parotid  as  well  as  the 
submaxillary  and  sublingual  glands,  has  been  generalized 
Ulto  a  distinction  between  cerebral  and  sympathetic  saliva, 
and  which  holds  good  in  the  dog  and  the  rabbit,  breaks  down 
before  a  wider  induction,  For  in  the  cat  the  sympathetic 
saliva  of  the  submaxillary  gland  is  more  watery  than  the 
chorda  saliva  (Langley),  which,  however,  is  by  no  means 
*i5Cid;  and  the  two  secretions  differ  far  less  than  in  the  dog. 
I  In  accordance  with  this  functional  similarity,  there  is  a  much 
wnaller  difference  in  the  action  of  atropia  on  the  two  sets  of 
fibres  in  the  cat  than  in  the  dog,  although  even  in  the 
cat  the  sympathetic  is  less  readily  paralyzed  than  the  chorda. 
In  their  secretory  action  there  is  not  even  an  apparent 
antagonism  in  the  cat,  minimal  stimulation  of  both  nerves 
together  causing  as  much  secretion  as  would  be  produced  vl 
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both  were  separately  excited.  Further,  even  in  the  dog, 
after  prolonged  stimulation  of  the  sympathetic,  the  sub- 
maxillary saliva  is  no  longer  viscid,  but  watery,  the  propor- 
tion of  solids,  and  especially  of  organic  solids,  being  much 
lessened,  as  it  also  is  in  chorda  saliva  after  long  excitation. 
When  the  cerebral  nerve  of  the  resting  gland  is  excited,  it  is 
found  that  up  to  a  certain  limit  the  percentage  of  organic 
matter  increases  with  the  strength  of  stimulation ;  this  is 
also  true  of  the  inorganic  solids.  But  there  is  a  striking 
difference  when  the  experiment  is  made  on  a  gland  after  a 
long  period  of  activity  ;  here  increase  of  stimulation  causes 
no  increase  in  the  percentage  of  organic  material,  while  the 
inorganic  solids  are  still  increased.  In  both  cases  the 
absolute  quantity  of  water,  and  therefore  the  rate  of  flow  of 
the  secretion,  is  augmented. 

All  this  points  to  the  same  conclusion  as  the  microscopic 
appearances  in  the  gland-cells,  that  the  cells  during  rest 
manufacture  the  organic  constituents  of  the  secretion,  or 
some  of  them,  and  store  theni  up,  to  be  discharged  during 
activity.  The  water  and  the  inorganic  salts,  on  the  other 
hand,  seem  rather  to  be  secreted  on  the  spur  of  the  moment, 
so  to  speak,  and  not  to  require  such  elaborate  preparation. 
And  it  has  been  found  that  the  quantity  of  organic  substances 
is  much  more  nearly  proportional  to  the  strength  of  the 
stimulus  applied  to  the  secretory  nerve-fibres  than  is  the 
quantity  of  water  and  salts,  which  varies  also  with  the 
blood-supply. 

In  order  to  explain  the  difference  between  the  cerebral 
and  sympathetic  secretion,  Hcidcnhain  has  supposed  th& 
existence  of  two  kinds  of  secretory  fibres,  (i)  fibres  having 
to  do  with  the  secretion  of  the  water  and  salts,  (2)  fibres 
having  to  do  with  the  secretion  of  the  organic  material.  In 
such  animals  as  the  dog,  the  cerebral  nerve  (the  chorda  in 
the  case  of  the  submaxillary  and  sublingual  glands)  contains 
many  fibres  of  group  (ij,  comparatively  few  of  group  (2) ;  the 
sympathetic  contains  few  of  (i),  many  of  (2).  Heidenhain's 
second  set  of  fibres  is  supposed  only  to  promote  the  changes 
-by  which  already  formed  organic  matter  passes  into  solution, 

\d  leaves  the  cells  in  the  secretion.     They  may,  since  they 
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favour  the  breaking  down  and  removal  of  material  from 
the  cell,  with  more  propriety  be  called  katabolic  secretory, 
than  trophic  fibres  as  Heidenhain  originally  proposed. 
Langley's  experiments  indicate  that  Heidenhain's  hypothesis 
iost  be  completed  by  assuming  the  existence  of  a  third 
group  of  fibres  which  have  to  do  with  the  building  up  of 
frtsh  substance  by  the  gland-cells.  These  would  appro- 
priately be  called  anabolic  secretory  fibres.  The  chorda  may 
therefore  contain  no  less  than  four  physiological  groups  of 
aene-iibres : 

1.  Secretorj-  for  water  and  salts. 

2.  Katabolic  secretory  )    v  ■  a    r  •         *     •  i 
.     ,    ,,                   -^  J  chiefly  for  organic  material 

3.  Anabohc   secretory  ; 

4.  Vaso-dilator. 
Bot  it  must  be  remembered  that  we  have  no  proof  of  the 
distinct  anatomical  existence  of  these  diflferent  kinds  of 
fibres:  and  Langley  has  shown  that  in  the  cat's  chorda 
atropia  acts  simultaneously  on  all  the  secretory  fibres;  the 
moment  it  paralyses  one  group  all  are  paralyzed.  If  they 
were  anatomically  distinct,  it  might  have  been  supposed 
that  atropia  in  a  certain  dose  would  pick  out  one  or  other 

•  group,  and  leave  the  rest  still  active. 
It  is  conceivable  that  the  differences  between  chorda 
^sympathetic  saliva  are  due,  not  to  the  nerve-fibres,  but 
to  the  end  organs  with  which  they  are  coiviected  ;  that  is,  the 
^  nerves  may  supply,  not  the  same,  but  different  gland- 
celU.  And  it  is  well  known  that  even  after  prolonged 
stimulation  of  the  chorda  or  chordo-lingual  alone,  some 
alveoli  of  the  dog's  submaxillary  gland  remain  in  the 
nesting '  stale  ;  after  stimulation  of  the  sympathetic  alone, 
the  number  of  unaffected  alveoli  is  much  greater  ;  while  after 
stimulation  of  both  nerves,  no  alveolus  seems  to  have 
'Scaped  change.  However  suggestive  these  facts  may  be, 
*l>fy  will  not  as  yet  bear  the  weight  even  of  a  hypothesis  of 
*ilivary  secretion.  And,  indeed,  we  know  nothing  of  a 
•l^vision  of  labour  between  the  cells  of  a  gland,  except  when 
there  are  obvious  anatomical  distinctions.  Thus,  the  sub- 
uiaxiJlary  gland  in  man  contains  both  serous  and  mucous 
'  *ciiii,  and  mucin-making  ceHs  are  scattered  over  the  duc^s 
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of  most  glands,  and,  indeed,  on  nearly  every  surface  which  is 
clad  with  columnar  epithelium.  In  these  cases  we  cannot 
doubt  that  one  constituent — mucin — of  the  entire-secretion 
is  manufactured  by  a  portion  only  of  the  cells.  In  the 
cardiac  glands  of  the  stomach,  too,  the  ovoid  cells,  in  all 
probability,  yield  the  whole  of  the  acid  of  the  gastric  juice. 
But,  so  far  as  we  know,  every  hepatic  cell  is  a  liver  in 
little.  Every  cell  secretes  fully-formed  bile  ;  every  cell  stores 
up,  or  may  store  up,  glycogen.  So  it  is  with  the  alveoli  of 
the  pancreas ;  one  cell  is  just  like  another ;  all  apparently 
perform  the  same  work ;  each  is  a  unicellular  pancreas. 
(But  see  p.  415.) 

Paralytic  Secretion.— When  the  chorda  tympani  is  divided, 
a  slow  'paralytic'  secretion  from  the  submaxillary  gland 
begins  in  a  few  hours,  and  continues  for  a  long  time  accom- 
panied by  atrophy  of  the  gland.  There  is  also  a  secretion 
of  the  same  kind  from  the  submaxillary  on  the  opposite 
side,  but  it  is  less  copious.  This  is  called  the  'antilytic' 
secretion.  The  cause  of  the  secretion  has  not  been  fully 
made  out.  If  within  two  or  three  days  of  division  of  the 
chorda  the  sympathetic  on  the  same  side  is  cut,  the  paralytic 
secretion  stops  ;  and  it  is  concluded  that  up  to  this  time  it  is 
maintained  by  impulses  passing  along  the  sympathetic  to  the 
gland  from  the  secretory  centre  in  the  bulb,  the  excitability 
of  which  has  been  in  some  way  increased  by  division  of  the 
chorda.  But  if  section  of  the  sympathetic  is  not  performed 
for  several  days,  it  has  no  effect  on  the  paralytic  secretion, 
which  at  this  stage  seems  to  depend  on  local  changes  in 
the  gland  itself.  Section  of  the  sympathetic  alone  causes 
neither  secretion  nor  atrophy,  nor  does  removal  of  the 
superior  cervical  ganglion.  The  histological  characters  of 
the  gland-cells  during  paralytic  secretion  are  those  of  *  rest.* 

Reflex  Secretion  of  SaliTa.  —  The  re6ex  mechanism  of 
salivary  secretion  is  ver}'  mobile,  and  easily  set  in  action  by 
physical  and  mental  influences.  It  is  excited  normally  by 
impulses  which  arise  m  the  mouth,  especially  by  the  contact 
of  food  with  the  buccal  mucous  membrane  and  the  ^statory 
•^erve-endings.  The  mere  mechanical  movement  of  the 
B,  even  when  there  is  nothing  between  the  teeth,  or  only 
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a  bit  of  a  non-sapid  substance  like  indiarubber,  causes 
secretion.  The  \'apour  of  glacial  acetic  acid  or  ether  gives 
rise  to  a  rush  of  saliva,  as  does  gargling  the  mouth  with 
distilled  water.  The  smell,  sight,  or  thought  of  food,  and  even 
the  thought  of  saliva  itself,  may  act  on  the  salivary  centre 
through  its  connections  with  the  cerebrum,  and  make  *  the 
teeth  water.'  A  copious  flow  of  saliva,  reflexly  excited 
through  the  gastric  branches  of  the  vagus,  is  a  common 
precursor  of  vomiting ;  the  introduction  of  food  into 
the  stomach  also  excites  salivary  secretion.  The  centre  is 
situated  in  the  medulla  oblongata,  stimulation  of  which 
causes  a  How  of  saliva. 

The  two  chief  afferent  paths  to  the  salivary  centre  are 
the  lingual  branch  of  the  fifth  and  the  glosso- pharyngeal ; 
bat  stimulation  of  many  other  nerves  may  cause  reflex 
secretion  of  saliva.  In  experimental  stimulation,  the  sole 
efferent  channel  seems  to  be  the  cerebral  nerve-supply  of  the 
glands.  After  section  of  the  chorda,  no  reflex  secretion  by 
ihe  submaxillar>' glaud  can  be  caused,  although  the  sympa- 
thetic remains  intact.  The  statement  that  after  division  of 
the  chordo- lingual  a  reflex  secretion  could  be  obtained 
from  the  submaxillary  gland,  the  so-called  submaxillary 
^nglion  being  supposed  to  act  as  'centre,'  has  been  com- 
pletely disproved ;  and  indeed,  as  we  have  seen,  the  chorda 
fibres  for  the  submaxillary  gland  are  not  even  connected 
^■ith  the  cells  of  the  ganglion.  Nor  do  we  know  of  any 
peripheral  or  sporadic  ganglion  which  can  act  as  a  reflex 
^tre.  In  most  animals  and  in  man  the  secretion  of  saliva 
•s  strictly  intermittent,  but  the  parotid  of  the  sheep  is  said 
to  be  always  active. 

The  sahvary  centre  can  also  be  inhibited,  especially  by 
•^notions  of  a  painful  kind — for  instance,  the  nervousness 
*liich  often  dries  up  the  saliva,  as  well  as  the  eloquence,  of 
'beginner  in  public  speaking,  and  the  fear  which  sometimes 
"^dcthe  medieval  ordeal  of  the  consecrated  bread  pick  out 
'he  guilty. 

U)Tbe  Infiaence  of  Herres  on  the  OMtrio  Glands. — Like  saliva, 
S**tfic  juice  is  not  secreted  continuously,  except  in  animals, 
(•"icb  as  the  rabbit,  whose  stomachs  are  never  empty.    TVie 
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normal  and  most  efficient  stimulus  is  the  presence  of  food  m 
the  stomach.  Faintly  alkaline  liquids,  such  as  saliva,  excite 
an  active  secretion,  but  it  is  only  very  early  in  digestion, 
before  the  reaction  of  the  gastric  contents  has  become 
distinctly  acid,  that  swallowed  saliva  can  have  any  effect. 
Mechanical  stimulation  of  the  gastric  mucous  membrane 
causes  a  certain  amount  of  secretion,  but  not  a  great  deal- 
No  nerve  has  been  shown  with  certainty  to  have  any 
influence  over  the  gastric  glands.  So  that  at  first  thought 
there  is  much  to  suggest  that  these  are  normally  stimulated 
in  a  more  direct  manner  than  the  salivary  glands,  perhaps 
by  the  local  action  of  food  substances  reaching  the  cells  by 
a  short-cut  from  the  cavity  of  the  stomach,  or  in  a  more 
roundabout  way  by  the  blood.  And  it  might  be  very 
plausibly  argued  that  the  gastric  glands  are  favourably 
situated  for  direct  stimulation,  while  the  salivaiy*  glands  are 
not ;  and  that  the  great  function  of  sahva  being  to  aid 
deglutition^  an  almost  momentary,  and  at  the  same  time  a 
perilous  act,  it  is  necessary  to  provide  by  nervous  mechanism 
for  an  immediate  rush  of  secretion  at  any  instant,  while  it  is 
not  important  whether  the  gastric  juice  is  poured  out  a  little 
sooner  or  a  little  later,  and  therefore  it  is  left  to  be  called 
forth  by  the  more  tardy  and  haphazard  method  of  local 
action.  Nevertheless,  on  looking  a  little  closer,  we  find  that 
this  does  not  exhaust  the  subject,  and  that  the  gastric  secre- 
tion can  be  influenced  by  events  taking  place  in  distant  parts 
of  the  body,  just  as  the  salivary  secretion  can.  In  a  boy 
whose  (esophagus  was  completely  closed  by  a  cicatrix,  the 
result  of  swallowing  a  strong  alkali,  and  who  had  to  be  fed 
by  a  gastric  fistula,  it  was  found  that  the  presence  of  food  in 
the  mouth,  and  even  the  sight  or  smell  of  food,  caused 
secretion  of  gastric  juice  (Richet) ;  and  in  dogs  with  the 
tesophagus  divided  so  that  nothing  could  pass  through  it  to 
the  stomach,  a  similar  result  was  obtained  (Pawlow). 

Here  there  must  have  been  some  nervous  mechanism  at 
work.  The  secretion  can  hardly  have  been  excited  by  the 
direct  action  of  food  products  absorbed  from  the  mouth  and 
circulating  in  the  blood — an  explanation  which  has  been 
given  of  the  secretion  seen  in  an  isolated    portion    of  the 
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leod  of  the  stomach  during  the  digestion  of  food  in  the 
'rest.  What  the  nervous  channels  are  through  which  these 
I  effects  are  produced  has  not  been  clearly  made  out.  After 
Idivisioa  of  the  sympathetic  fibres  going  to  the  stomacht  and 
also  the  vagi,  gastric  secretion  is  still  caused  by  the  intro- 
doctionof  food  into  the  stomach,  so  long  as  the  latter  nerves 
arc  cut  below  the  origin  of  their  cardiac  and  pulmonary 
branches,  and  disturbance  of  the  heart  and  respiration  thus 
avoided  (Heidenhain).  Not  only  so,  but  the  vascular 
dilatatiOD,  which  accompanies  the  activity  of  the  gastric  as 
wdl  as  the  salivary  glands,  and  is  shown  by  flushing  of  the 
mucous  membrane  of  the  stomach,  is  not  interfered  with  by 

I  section  of  the  vagi  in  the  position  mentioned. 
The  most  probable  conclusion  would  seem  to  be  that,  while 
aprcatpart  must  be  assigned  to  the  local  effects  of  the  food, 
and  the  action  of  the  products  of  digestion  absorbed  into 
ihe blood  on  the  gland-cells  or  on  nervous  centres,  these  may 
fee  supplemented  and  controlled  by  a  truly  reflex  mechanism. 
(3)  The  Infloezice  of  Nerves  on  the  Pancreas. — Our  knowledge 
of  the  influence  of  nerves  on  the  pancreas  is  a  little  more 
detinite.    but     not    much.      Stimulation    of    the    medulla 
^-Oblongata  causes  or  increases  secretion  even  after  section  of 
^hhevagi.     Stimulation  of  the  central  end  of  the  vagus  and 
^Bjtf  other  nerves  inhibits  the  secretion  ;  the  inhibition  caused 
^■wy  vomiting    is   probably   due    to    impulses   ascending   the 
vapis.     These   facts   point   to    the   existence   of   a    reflex 
mechanism,  but    neither  has  the  centre  been  located  nor 
the  afferent  and  efferent  paths  definitely  ascertained.     The 
natural   secretion  of  pancreatic  juice   is   by  no  means  so 
intermittent  as  that  of  saliva.     In  the  rabbit  the  pancreatic, 
like  the  gastric,  juice  flows  continuously.     In  a  well-fed  dog 
'<  IS  probable  that  it  seldom  stops  altogether,  for  it  was 
found  that  after  a  mcaJ  it  took  from  twenty  to  twenty-four 
hours  for  the  flow  to  cease  entirely.     It  begins  abruptly  as 
^soon  as  the  food  enters  the  stomach,  probably  through  reflex 
^Bbpttlses  originating  in  the  gastric  mucous  membrane,  rises 
^HJ  two  or  three  hours  to  a  maximum,  then  falls  till  the  fifth 
or  sixth  hour,  after  which  it  mounts  again  about  the  ninth 
or  tenth   hour   to  a  second    lower  maximum,  at\d    x\ve.xv. 
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gradually  diminishing,  ultimately  stops.  During  activity  the 
bloodvessels  of  the  gland  arc  dilated  ;  but  we  have  as  yet  no 
precise  informatioD  as  to  the  vaso-motor  nerves  which  govern 
them.  When  the  nerves  of  the  pancreas,  which  pass  to  it 
from  the  solar  plexus  along  the  vessels,  are  divided, '  paralytic ' 
secretion  of  thin  watery  juice  takes  place.  There  is  one  very 
remarkable  difference  between  the  normal  secretion  of 
pancreatic  juice  and  of  saliva:  the  pressure  of  the  latter 
in  the  submaxillary  duct  may,  as  we  have  seen,  greatly 
exceed  the  arterial  blood-pressure,  without  reabsorption  and 
consequent  oedema  of  the  gland  occurring:  but  the  secretor)* 


Fig.  86.— Rate  ok  Secrkhon  oi    I'a.sckeatic  Juice. 

S  &howft  the  variatloD  in  the  nile  of  »ecrvt)oa  of  the  pancreatic  juice  io  a  doff  ;  ^<  lb« 
vari&lion  in  the  percentngp  of  solids  in  the  juice.  It  m  til  be  seen  Uvu  ihe  maxima  of  S 
f^l  HI  the  same  l)in«  «s  the  miolma  of  t*.  1  he  nunibcn  along  tfie  honroDUl  axis  ire 
li<mr.s  since  Ihe  1»&I  meal. 


pressure  of  the  pancreatic  cells  is  very  low,  not  more  than  a 
tenth  of  that  of  the  salivary-  glands.  (Hdema  begins  before 
a,  manometer  in  the  duct  shows  a  pressure  of  20  mm.  of  Hg. 
(4)  The  Influence  of  Kervei  on  the  Secretion  of  Bile. — 
Although  bile  is  secreted  constantly,  it  only  passes  at 
intervals  into  the  intestine.  For  the  liver  in  most  animals, 
unlike  every  other  gland  except  the  kidney,  has  in  connection 
with  it  a  reservoir,  the  gall-bladder,  in  which  its  secretion 
accumulates,  and  from  which  it  is  only  expelled  occasionally* 
We  have  therefore  to  distinguish  the  bile-secreting  from  the 
bile-expellinjc  mechanism.  Of  the  direct  influence  of  nerves 
on  either  we  have  scarcely  any  knowledge,  scarcely  even  any 
guess  which  is  worth  mentioning  here.  It  is  true  the 
secretion  of  bile  may  be  distinctly  affected  by  the  section 
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ud  stimulation  of  nerves  which  control  the  blood-supply  of 
thcstomach,  intestines,  and  spleen,  for  the  quantity  of  blood 
passing  by  the  portal  vein  through  the  liver  depends  upon 
the  quantity  passing  through  these  organs,  and  the  rate  of 
secretion  is  closely  related  to  the  blood-supply.  In  this  way 
stimulation  of  the  medulla  oblongata,  the  spinal  cord,  and 
the  splanchnic  nerves  stops  or  slows  the  secretion  of  bile  by 
constricting  the  abdominal  vessels;  and  the  same  effect  can 
bereflexly  produced  by  the  excitation  of  afferent  nerves. 

The  muscular  fibres  of  the  gall-bladder  and  the  larger 
bile-ducts  are  thrown  into  contraction  by  stimulation  of  the 
spinal  cord.  It  is  possible  that  this  takes  place  naturally  in 
response  to  reflex  impulses  from  the  mucous  membrane  of 
the  duodenum,  for  the  application  of  dilute  acid  to  the 
moalh  of  the  bile-duct  causes  a  sudden  flow  of  bile,  and  the 
acid  contents  of  the  stomach,  when  projected  through  the 
pylorus  into  the  intestine,  have  a  similar  effect. 

The  pressure  under  which  the  bile  is  secreted  is  remark- 
ably small,  the  maximum  tming  no  more  than  15  mm.  of  Hg. 
Bat  small  as  this  is,  it  is  higher  than  the  pressure  of  the 
portal  blood,  and  therefore  the  liver  ranges  itself  with  the 
high-pressure  salivar>'  glands  rather  than  with  the  low- 
pressure  pancreas.  But  although  the  biliary  pressure  is  high 
relatively  to  that  of  the  blood  with  which  the  secreting  cells 
are  supplied,  it  is  absolutely  verj'  low  ;  and  this  is  a  point  of 
practical  importance,  for  a  comparatively  slight  obstruction 
to  the  outflow,  even  such  as  is  offered  by  a  congested  or 
inflamed  condition  of  the  duodenal  wall  about  the  mouth 
of  the  duct,  may  be  sufficient  to  cause  reabsorption  of  the 
bile  through  the  lymphatics,  and  consequent  jaundice.  Of 
course  complete  plugging  of  the  duct  by  a  biliary  calculus  is 
*  much  more  formidable  barrier,  and  inevitably  leads  to 
jaundice,  just  as  ligature  of  a  salivary  duct,  in  spite  of  the 
ptat  secretory  pressure,  inevitably  causes  tedema  of  the 
Eland. 

When  food  passes  into  the  stomach,  there  is  at  once  a 
^wp  rise  in  the  rate  of  secretion  of  bile.  A  maximum  is 
reached  from  the  fourth  to  the  eighth  hour — that  is,  while 
^food  is  in  the  intestine ;  there  is  then  a  fall,  succeeded  b^ 
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a  second  smaller  rise  about  the  fifteenth  or  sixteenth  hour, 
from  uhich  the  secretion  gradually  declines  to  its  minimum. 
Upon  the  whole,  the  curves  of  secretion  of  pancreatic  juice 
and  bile  show  a  fairly  close  corresp>ondence.  which  lends 
additional  support  to  the  view  derived  from  their  chemical 
and  physical  properties,  that  in  digestion  they  are  partners 
in  a  common  work. 

We  do  not  know  in  what  way  the  rale  of  secretion  of  bile 
is  influenced  by  digestion,  although  it  has  been  conjectured 
that  the  first  abrupt  rise  may  be  started  by  reflex  nervous 
action,  and  that  later  on  absorbed  food  products  may  directly 


Fig.  87. — Katb  \^v  ShXKtiioN  ok  Bilk. 

S  shows  how  the  rate  or  secretion  of  bite  folU  in  a  dog  when  a  biliary  fistula  is  I 
made,  and  the  bilr  Ihus  prevented  from  entering  the  miesllne  :  I'  ihow^  the  fall  in  the 
percentage  of  solids.  The  numbers  along  the  horiiontal  axiftare  quaners  of  an  botD 
iince  bile  begao  to  escape  through  ibe  fistula.  I'he  numbers  along  the  vcxticalans 
refer  only  to  curve  S.  and  represent  the  rale  of  secretion  in  arfoitnuy  units. 

excite  the  hepatic  cells.  Rutherford  found  that  when  the 
mucous  membrane  of  the  stomach  and  duodenum  is  irritated 
by  a  substance  like  gamboge,  there  is  no  increase  in  the 
rate  of  secretion  of  the  bile,  notwithstanding  the  greatly 
increased  flow  of  blood  through  the  intestinal  vessels  which 
the  irritation  causes.  This  tells  in  favour  of  the  direct 
influence  of  substances  derived  from  the  food  rather  than 
of  any  important  reflex  action. 

(5)  The  Influence  of  Nerves  on  the  Secretion  of  Intestiiiftl 
Juice. — As  to  the  influence  of  iicr\'cs  on  the  secretion  of  the 
succus  entericus,  our  knowledge  is  almost  limited  to  a  single 
experiment,  and  that  an  inconclusive  one.  Moreau  placed 
four  ligatures  on  a  portion  of  the  small  intestine*  so  as  to 
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Bfann  three  compartments  separated  from  each  other  and 
I  ftom  the  rest  of  the  gut.  The  mesenteric  nerves  going 
:  to  the  middle  loop  were  divided,  and  the  intestine 
relumed  to  the  abdomen.  After  some  time  a  watery 
seaetion  was  found  in  the  middle  compartment,  little  or 
none  in  the  others.  But  we  cannot  say  whether  this  is  a 
true  *  paralytic  *  secretion,  or  whether  it  depends  simply  on 
the  vascular  dilatation  caused  by  section  of  the  vaso-con- 
strictor  nerves. 

ElsGt  of  Drugs  on  the  Digestive  Secretions. — A  small  dose  of 
atropin,  as  has  been  said,  abolishes  the  secretory  action  of 
the  chorda  tympani.  This  it  does  apparently  by  paralyzing 
the  nerve-endings;  the  nerve-cells  are  not  paralyzed,  for  the 
sympathetic  can  still  cause  secretion.  Pilocarpine  is  the 
physiolofjical  antagonist  of  atropia,  and  restores  the  secre- 
tion which  atropia  has  abolished.  In  small  doses  it  causes  a 
rapid  flow  of  saliva,  its  action  being,  partly  at  least,  a 
peripheral  action,  for  it  persists  after  all  the  nerves  going 
\  lo  the  salivary  glands  have  been  divided.  Atropia  and 
pilocarpine  act  similarly  on  some  of  the  other  digestive 
glands,  the  former  paralyzing  the  pancreatic  secretion,  the 
latter  increasing  the  secretion  of  gastric,  and  probably  of 
uitestinal,  juice;  but  atropia  does  not  stop  the  secretion 
caused  by  division  of  the  intestinal  nerves.  Physnstigmine, 
oicotine  and  muscarine  act  on  the  whole  like  pilocarpine. 

The  action  of  a  host  of  drugs  on  the  secretion  of  bile  has 
heen  investigated  by  various  observers,  but  till  something  like 
ttninimity  has  been  reached,  it  world  not  be  profitable  to 
go  iato  details  here.  Some  drugs  seem  lo  act  directly 
upon  the  hepatic  cells,  or  on  nerves  supplying  them,  others 
||^t6exly  by  stimulating  the  mucous  membrane  of  the 
HMestine. 

H  hnmajy. — Here  let  us  sum  up  the  most  important  points 
■^lelating  to  the  secretion  of  the  digestive  juices.  They  arc 
^UJQrxtud  by  (he  activity  of  gland-cells  originally  derived  from  the 
*t^^ial  Itnittg  of  the  alitnentary  canal.  The  organic  constituents 
vr  tkeir  precursors  {including  the  mother -^.ubsiances  of  the  fertnents) 
UK  prepared  in  tixe  intervals  of  rest — absolute  in  some  glands, 
H|Mre  in  others — and  stored  up  in  the  form  of  granule%y  \wHicK 
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during  activity  arc  moved  towards  the  lumen  of  the  gUmd  tubules 
and  there  discharged.  At  the  same  time  the  secreting  proto- 
plasm is  regenerated,  eitlter  by  an  increase  in  ilte  substance  of  the 
actually  secreting  cells  (pancreas,  serous  salivary  glands),  or,  when 
these  have  been  completely  broken  down  {mucous  salivary  glands)^ 
by  proliferation  of  other  cells. 

The  nerves  of  the  salivary  glands  are,  as  regards  their  origin, 
{a)  cerebralf  (b)  sympathetic  ;  the  former  group  is  vaso-dilator,  the 
latter  vaso-constricior — both  are  secretory.  Secretion  of  saliva 
depends  strictly  on  the  nervous  system.  That  nerves  influence  the 
pancreatic  secreiimt  is  made  out,  but  nothing  definite  is  known 
as  to  the  nervous  paths.  As  regards  the  gastric  and  inUstitud 
glands  attd  the  liver,  it  has  not  been  proved  that  their  secretive 
activity  is  at  all  under  the  control  of  the  nervous  systan,  except 
in  so  far  as  tlte  latter  may  indirectly  govern  it  through  the  blood' 
supply,  although  various  circumstances  suggest  the  probability  of  a 
more  direct  action.  In  all  the  glands  the  blood-flow  is  increased 
during  activity — in  some  (salivary  glands)  this  is  known  to  be 
caused  through  nerves.  In  the  salivary  glands  electromotive 
clianges  accompany  the  active  state,  while  more  heat  is  produced, 
more  CO^  given  off,  and  more  O.^  used  up,  during  secretion  than 
during  rest.  In  the  other  glands  we  may  assume  that  the  same 
occurs. 


TV.  Digestion  as  a  Whole. 

Having  discussed  in  detail  the  separate  action  of  the 
digestive  secretions,  it  is  now  time  to  consider  the  act 
of  digestion  as  a  whole,  the  various  stages  in  which  are 
co-ordinated  for  a  common  end.  The  solid  food  is  more  or 
less  broken  up  in  the  mouth  and  mixed  with  the  saliva, 
which  its  presence  causes  to  be  secreted  in  considerable 
quantity.  Liquids  and  small  solid  morsels  are  shot  down 
the  open  gullet  without  contraction  of  the  constrictors  of 
the  pharynx,  ami  reach  the  stomach  in  a  comparatively 
short  time  («rV  second);  while  a  good-sized  bolus  is  grasped 
by  the  constrictors,  then  by  the  cesophageal  walls,  and  passed 
along  by  a  more  deliberate  peristaltic  contraction,  Beau- 
mont saw,  in  the  case  of  St.  Martin,  that  the  oesophageal 
orifice  of  the  stomach  contracted  iirmly  after  each  morsel 
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^H»3S  swallowed,  and  so  did  the  gastric  walls  in  the  neigh- 
^■krarhood  of  the  fistula  when  food  was  introduced  by  this 
^opening.  Two  sounds  may  be  heard  in  man  on  listening 
in  the  region  of  the  siomach  or  oesophagus  during  degluti- 
tion of  liquids,  especially  when,  as  generally  happens,  they 
are  mixed  with  air.  The  first  sound  occurs  at  once,  and  is 
supposed  to  be  due  to  the  sudden  squirt  of  the  liquid  along  the 
the  second,  which  is  heard  after  a  distinct  interval, 
to  be  caused  by  the  forcing  of  the  Huid  through  the 


Clbovilbvquantitv-  of  prp&ia  in  rhe  niiicnus  mrmbraiw  of  tlic  cardiac  end  of  the 
■OltKhw  LlirTc-T-nl  times  duniif;  dtgrstion  ;  P,  Ihe  (juanlily  of  pcpbin  in  ihe  mucous 
■cntaar  a  the  pyloric  «t)d  :  S.  itw  qumniily  of  pepsin  in  ihe  Uir*ttoH  of  ibe  outljnc 
ffui4L  Tlw  numben  nuirkcd  a!ong  th--  horixonial  >Lxi!>  .vie  hours  Mnce  llic  last  meaL 
■Atari  ftv«  hours  After  (he  meul  S  r<;at-hrs  its  uiaiimum.  From  the  ^cry  b^nninc  of 
*l««cilC  Ullsuewtilxdown  to  thr  irnih  hcur.qnd  then  brgina  in  n»,  j,£.,  the  gUnd- 
Qdlitf  (he  Cftrdtac  end  of  ike  tioouicfa  twcomc  poorer  in  pep&in  as  tecrctioa  proceeds. 


^hardiac 
^^sopha 


orifice  of  the  stomach  by  the  contraction  of  the 
esophagus. 

Chemical  digestion  in  man  begins  already  in  the  mouth,  a 
part  of  the  starch  being  there  converted  into  dextrins  and 
sugar  (maltose),  as  has  been  shown  by  examining  a  mass  of 
ibod  containing  starch  just  as  it  is  ready  for  swallowing 
333)*  This  process  is  no  doubt  continued  during  the 
:e  of  the  food  along  the  oesophagus. 
The  first  morsels  of  a  meal  which  reach  the  stomach  find 
it  &ee  firom  gastric  juice,  or  nearly  so.     They  are  a\ka\\iv& 
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from  the  admixture  of  saliva ;  and  the  juice  which  is 
now  beginning  to  be  secreted,  in  response  to  the  presence 
of  the  food,  and  to  reflex  excitement  starting  in  the 
mouth,  is  for  a  time  neutralized,  and  aniylolytic  digestion 
still  permitted  to  go  on.  For  about  ten  minutes  after 
digestion  has  begun  there  is  no  free  hydrochloric  acid 
in  the  stomach,  although  some  is  combined  with  pro- 
teids,  and  at  least  during  this  period  the  ptyalin  of  the 
swallowed  saliva  will  be  able  to  act.  But  as  the  meal  goes 
on,  the  successive  portions  of  food  which  arrive  in  the 
stomach  will  find  the  conditions  less  and  less  favourable  fur 
amylolytic  digestion  ;  and,  upon  the  whole,  a  considerable 
proportion  of  the  starches  must  escape  complete  conversion 
into  sugar  until  they  are  acted  upon  by  the  pancreatic  juice. 
This  is  particularly  the  case  with  unboiled  starch,  as  con* 
tained  in  vegetables  which  are  eaten  raw  ;  and,  indeed,  we 
know  that  sometimes  a  certain  amount  of  starch  may  escape 
even  pancreatic  digestion,  and  appear  in  the  faeces.  Mean- 
while,  even  during  the  short  amylolytic  stage  of  gastric 
digestion,  pepsin  and  hydrochloric  acid  are  already  being 
poured  forth  ;  the  latter  is  entering  into  a  peculiar  combina- 
tion with  the  proteids  of  the  food;  and  long  before  the  end 
of  an  ordinary  meal  peptic  digestion  is  in  full  swing.  The 
movements  of  the  stomach  increase,  and  eddies  are  set  up 
in  its  contents,  which  carry  the  morsels  of  food  with  them, 
and  throw  them  against  its  walls.  In  this  way  not  only  are 
the  contents  thoroughly  mixed,  and  fresh  portions  of  food 
constantly  brought  into  contact  with  the  gastric  juice,  but 
a  certain  amount  of  mechanical  disintegration  is  brought 
about ;  and  this  is  aided  by  the  digestion  of  »the 
gelatin-yielding  connective  tissue  which  holds  together  the 
fibres  of  muscle  and  the  cells  of  fat,  and  the  digestible 
structures  in  vegetable  tissue  which  enclose  starch  granules. 
If  milk  has  formed  a  portion  of  the  meal,  the  casein  will 
have  been  curdled  soon  after  its  entrance  into  the  stomach, 
by  the  action  of  the  rennet  ferment  alone  when  the  milk 
has  been  taken  at  the  beginning  of  digestion  before  the 
gastric  contents  have  become  distinctly  acid,  by  the  acid  and 
rennin  together  when  it  has  been  taken  later.     The  casein 
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internal  part  of  the  thyro-ar^'tenoid  muscle^  which  thus  acts 
like  a  stop  upon  the  cord. 

Approximation  of  the  vocal  cords  may  take  place  in 
certain  acts  unconnected  with  the  production  of  voice. 
Thus,  a  cough,  as  has  already  been  mentioned,  is  initiated 
by  closure  of  the  glottis.  During  a  strong  muscular  effort, 
too,  the  chink  of  the  glottis  is  obliterated,  and  respiration 
uid  phonation  both  arrested.  The  object  of  this  is  to  fix 
the  thorax,  and  so  afford  points  of  support  for  the  action 
of  the  muscles  of  the  limbs  and  abdomen.  But  consider- 
able efforts  can  be  made  even  by  persons  with  a  tracheal 
fistula. 

Speech.  —  Ordinary   speech    is   articulated   voice  —  voice 
shaped  and  fashioned  by  the  resonance  of  the  upper  air 
cavities,  and  joinUd  together  by  the  sounds  or  noises  to 
which  the  varj-ing  form  of  these  cavities  gives  rise.     Here 
we  come  upon  the  fundamental  distinction  between  vowels 
and  consonants.     Vowels  are  musical  sounds ;  consonants 
Are  not  musical  sounds,  but  noises — that  is  to  say,  they  are 
due  to  irregular  vibrations,  not  to  regularly  recurring  waves, 
the  frequency  of  which  the  ear  can  appreciate  as  a  definite 
pitch.    This  difference  of  character  corresponds  to  a  differ- 
ence of  origin  :  the  vowels  are  produced  by  the  vibrations  of 
the  vocal  cords;  the  consonants  are  due  to  the  rushing  of  the 
expiratory  blast  through  certain  constricted  portions  of  the 
boccaJ  chamber,  where  a  kind  of  temporary  glottis  is  estab- 
lished by  the  approximation  of  its  walls.     One  of  these 
'positions  of  articulation*   is   the  orifice   of  the  lips;    the 
^^consonants  formed  there,  such  as  p  and  6,  are  called  labials. 
Hft  second  articulation  position  is  between  the  anterior  part 
Hn  the  tongue  and  the  teeth  and  hard  palate.     Here  arc 
Hfenned  the  dentals  /,  d,  etc.     The  ordinary  English  r,  and 
^Bc  r  of  the  Berwickshire  and  East  Prussian  *  burr,*  also  arise 
^in  this  position  through  a  vibratory  motion  of  the  point  of 
l)e  tongue.     The  third  position  of  articulation  is  the  narrow 
lit  formed  between  the  posterior  portion  of  the  arched 
goe  and  the  soft  palate.     To  the  consonants  arising  here 
name  of  gutturals  has  been  given.     They  include  A,  g-, 
Scottish  ch,  and  the  uvular  German  r.    The  Utlet  '\s 
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produced  by  a  vibration  of  the  uvula.  The  aspirated  h  is  a 
noise  set  up  by  the  air  rushinf;  through  a  moderately  wide 
glottisi  and  some  have  therefore  included  the  glottis  as  a 
fourth  articulation  position  for  consonants. 

As  we  have  said,  the  vowels  are  produced  by  vibrations  of 
the  vocal  cords,  but  they  owe  their  special  timbre  to  the 
reinforcement  of  certain  overtones  by  the  resonating  cavities, 
the  shape  and  fundamental  tone  of  which  are  different  for 
each  vowel  When  a  vowel  is  whispered,  the  mouth  assumes 
a  characteristic  shape,  and  emits  the  fundamental  tone  proper 
to  the  form  and  sii:e  of  the  particular  'vowel-cavity,'  not  as 
a  reinforcement  of  tones  set  up  by  the  vibrations  of  the 
vocal  cords,  but  in  response  to  the  rush  of  air  through  them, 
either  in  expiration  or  inspiration  ;  just  as  a  bottle  of  given 
shape  and  size  gives  out  a  definite  note  when  the  air  which 
it  contains  is  set  in  vibration,  by  blowing  across  its  mouth. 
A  whisper,  in  fact,  is  speech  without  voice ;  the  larynx  takesJ 
scarcely  any  part  in  the  production  of  the  sounds;  the  vocal 
cords  remain  apart  and  comparatively  slack ;  and  the 
expiratory  blast  rushes  through  without  setting  them  in 
vibration. 

The  fundamental  tone  of  the  '  vowel-cavity'  may  be  found 
for  each  vowel  by  placing  the  mouth  in  the  position  necessary 
for  uttering  it,  then  bringing  tuning-forks  of  different  period 
in  front  of  it,  and  noting  which  of  them  sets  up  sympathetic 
resonance  in  the  air  of  the  mouth,  and  so  causes  its  sound 
to  be  intensified.  The  fundamental  tone  is  lowest  for  m. 
Next  comes  o;  then  a;  then  e;  while  i  is  highest  of  all. 
A  simple  illustration  of  this  may  be  found  in  the  fact  that 
when  the  vowels  are  whispered  in  the  order  given,  the  pitch 
rises. 

Such  is  the  explanation  of  the  difference  of  the  vowels  in 
quality  which  was  first  given  by  Helmholt2.  Universally 
accepted  for  a  litne,  it  has  been  in  recent  years  assailed  by 
Hermann,  who  bases  his  criticisms  (i)  on  microscopic  ex- 
amination of  curves  obtained  by  the  Hdison  phonograph,  and 
(2)  on  the  results  of  his  phono-photographic  method,  (The 
record  of  an  Edison  phonograph  is  magnified  by  a  system 
of  levers,  the  last  of  which  carries  a  small  mirror,  on  which 
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a  beam  of  light  is  allowed  to  strike.     The  reflected  beam 

fcilUon  a  moving  drum  covered  with  sensitive  paper.  Thus 
the  movements  of  the  mirror  are  greatly  exaggerated  and 
photographed.)  Hermann  has  come  to  the  conclusion  that 
the  mouth  does  not  act  as  a  mere  resonator,  but  that  for 
each  vowel,  in  addition  to  the  fundamental  note  due  to  the 
vibration  of  the  vocal  cords,  the  pitch  of  which  is,  of  course, 
variable,  one  or,  it  may  be.  two  other  notes,  not  necessarily 
harmonics  of  the  laryngeal  note,  and  of  constant  or  nearly 
constant  pitch,  are  directly  produced  by  the  passage  of 
the  expiratory  blast  through  the  mouth.  For  example,  the 
buccal  note  for  a  is  in  the  middle  of  the  second  octave  of 
the  laryngeal  note,  the  buccal  notes  for  e  in  the  beginning 
of  the  second  and  the  end  of  the  third  octave.  The  fact 
that  it  is  by  no  means  difficult  to  sing  and  whistle  at  the 
same  time  shows  the  possibility  of  Hermann's  view,  that 
a  fixed  tone  can  be  generated  in  the  mouth  by  the  inter- 
mittcDt  stream  of  air  issuing  from  between  the  vibrating 
vocal  cords,  just  as  a  tone  is  generated  in  a  pipe  by  blowing 
into  or  over  it  (Grutzner). 

When  tt  or  0  is  sounded,  the  buccal  cavity  has  the  form  of 
a  wide-bellied  flask  with  a  short  and  narrow  neck  for  m,  a 
still  shorter  but  wider  neck  for  o.  For  i  the  tongue  is  raised 
and  almost  in  contact  with  the  palate,  and  the  cavity  of  the 
iiKiath  is  shaped  like  a  flask  with  a  long  narrow  neck  and  a 
*6ry  short  belly.  For  e  the  shape  is  similar,  but  the  neck  is 
not  so  narrow.  For  a  the  vowel-cavity  is  intermediate  in 
form  between  that  of  «  and  i,  being  roughly  funnel-shaped, 
and  the  mouth  is  rather  widely  opened  (Figs.  77  to  79). 

^hen  the  vowels  are  being  uttered,  the  soft  palate  closes 
^1^  entrance  to  the  nasal  chambers  completely,  as  may  be 
^hown  by  holding  a  candle  in  front  of  the  nose,  or  trying  to 
inject  water  through  the  nares.  If  the  cavities  of  the  nose 
are  not  completely  blocked  off,  the  voice  assumes  a  nasal 
character  in  pronouncing  certain  of  the  vowels;  and  in  some 
Ungoages  this  is  the  ordinary  and  correct  pronunciation. 

Many  animals  have  the  power  of  emitting  articulated 
Munds;  a  few  have  risen,  like  man,  to  the  dignity  of 
sentences,  but  these  only  by  imitation  of  the  human  vo\Cf^. 
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Both  vowels  and  consonants  can  be  distinguished  in  the 
notes  of  birds,  the  vocal  powers  of  which  are  in  general 
hJKher  than  those  of  mammalian  animals.  The  latter, 
as  a  rule,  produce  only  vowels,  though  some  are  able  to 
form  consonants  too. 

The  nervous  mechaniBm  of  voice  and  speech  will  have  to  be 
again  considered  when  we  come  to  study  the  physiology  of 
the  brain  and  spinal  cord.  But  the  curious  physiological 
antithesis  between  the  functions  of  abduction  and  of  adduc- 
tion of  the  vocal  cords  may  be  mentioned  here.  The  abductor 
muscles  are  not  employed  in  the  production  of  voice;  they  are 
associated  with  the  less  specialised,  the  less  skilled  and  pur- 


Fig.  77. 


Fh;.  78, 


Fig.  79. 


posive  function  of  respiration.  The  adductor  muscles  are  not 
brought  into  action  in  respiration  ;  they  are  associated  with 
the  highly 'Specialized  function  of  speech.  Corresponding  to 
this  difference  of  function,  we  find  that  the  adductors  only 
are  represented  in  the  cortex  of  the  brain,  the  abductors  in 
the  medulla  oblongata.  Stimulation  of  an  area  in  the  lower 
part  of  the  ascending  frontal  convolution,  near  the  fissure  of 
Rolando,  in  the  macaque  monkey,  causes  adduction  of  the 
vocal  cords,  never  abduction.  Stimulation  of  the  medulla 
oblongata  (accessory  nucleus)  causes  abduction,  never 
adduction  (Horsley  and  Semon).  The  skilled  adductor 
function  is,  therefore,  placed  under  control  of  the  cortex. 
The    vitally    important,    but    more    mechanical,   abductor 
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fiinction  is  governed  by  the  medulla.  The  abductor  move- 
ments are  more  likely  to  be  affected  by  organic  disease, 
the  adductor  movements  by  functional  changes.  But 
ihe  distinction  between  the  two  groups  of  muscles  is  not 
entirely  due  to  a  difference  of  central  connections;  for 
Hooper  has  found  that  in  an  animal  deeply  narcotized 
with  ether,  stimulation  of  the  recurrent  laryngeal  nerve 
causes  invariably  abduction  of  the  vocal  cords;  in  an 
inimal  slightly  narcotized,  adduction.  Lesions  of  the 
medulla    oblongata    are    often    accompanied    by    marked 

changes   in   the  character  of  the  voice  and  the  power  of 

articulation. 
Section  or  paralysis  of  the  superior  laryngeal  nerve  causes 


Fic  So. — DiAcsAM  OP  Vocal  Cobus  in  PARALvsrs  or  the  I.akynx. 

c,  l^u^ysts  of  both  iaferior  UryoeeaJ  nerves.  The  vocal  conla  have  taken  up  the 
'msA'  position,  h.  Paralysis  of  right  inferior  laryngeal  nerve.  An  attempt  is  bemg 
vde  to  nurow  Uk  glottu  for  the  utteranoe  of  sound.  The  right  cord  remains  in  its 
'■an'  potirtoo.  e.  Paralysis  of  the  abdudor  muscles  only,  on  both  sides.  The 
(Bnl»are  spproxinmied  beyond  the  '  mcAii '  position  by  the  action  of  the  .iddaciors. 

the  voice  to  become  hoarse,  and  renders  the  sounding  of 
faigh  notes  an  impossibility,  owing  to  the  want  of  power  to 
niake  the  vocal  cords  tense.  Stimulation  of  the  vagus  within 
the  skull  causes  contraction  of  the  crico-thyroid  muscle  and 
nicrcased  tension  of  the  cords.  Section  or  paralysis  of  the 
mferior  laryngeal  nerves  leads  to  loss  of  voice  or  aphonia, 
*"d  dyspncea  ("Fig.  80).  Both  adductor  and  abductor 
•nasclesare  paralyzed;  the  vocal  cords  assume  their  mean 
position — the  position  they  have  in  the  dead  body — and  the 
Rlottis  can  neither  be  narrowed  to  allow  of  the  production 
0' a  note,  nor  widened  during  inspiration.  It  is  said,  how- 
^^'".that  young  animals,  in  which,  (he  structures  atoUTxd  \\vt 
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glottis  are  more  yielding  than  in  adults,  can  still  utter  shrill 
cries  after  section  of  the  inferior  larj'ngeals,  the  contraction 
of  the  crico-thyroid  muscle  alone  being  able,  while  increasing 
the  tension  of  the  cords,  to  draw  them  together.  Strong 
stimulation  of  the  inferior  laryngeal  causes  closure  of  the 
glottis,  for  although  it  supplies  both  abductors  and  adductors, 
the  latter  prevail.  With  weak  stimulation,  in  young  animals, 
and  when  the  nerve  is  cooled,  the  abductors  cany  off  the 
victory,  and  the  glottis  is  opened. 

Interference  with  the  connections  on  one  side,  between 
the  higher  cerebral  centres  and  the  medulla  oblongata,  as  by 
rupture  of  an  arter)'  and  effusion  of  blood  into  the  posterior 
portion  of  the  internal  capsule  (giving  rise  to  hemiplegia, 
or  paralysis  of  the  opposite  side  of  the  body),  is  not  followed 
by  loss  of  voice;  the  laryngeal  muscles  on  both  sides  are 
still  able  to  act. 

In  stammering,  spasmodic  contraction  of  the  diaphragm 
interrupts  the  effort  of  expiration.  The  stammerer  has  full 
control  of  the  mechanism  of  articulation,  but  not  of  the 
expiratory  blast.  His  lar>'nx  and  lips  are  at  his  command, 
but  not  his  diaphragm.  To  conquer  this  defect  he  must 
school  his  respiratory  muscles  to  calm  and  steady  action 
during  speech.  The  stutterer,  on  the  other  hand,  has  full 
control  of  the  expiratory  muscles.  His  diaphragm  is  well 
drilled,  but  his  lips  and  tongue  arc  insubordinate. 


PRACTICAL  EXERCISES  ON  CHAPTER  III. 


I.  Tracing  of  the  Respiratory  Movements. — (a)  Set  up  the 
arrangement  shown  in  fin-  iii,  and  lesi  wliclhcr  it  is  air-lighc.  Have 
also  in  readiness>  an  induction  machine  and  electrodes  arranged  for 
an  interrupted  current.  Anxslhetizc  a  dog  with  morphia  and  ether 
(p.  150).  Insert  a  cannula  into  the  trachea  (p.  151),  and  connect 
it  witli  the  large  bottle  by  a  tube.  Connect  the  bottle  with  a  record- 
ing tambour  adjusted  to  write  on  a  drum,  and  regulate  the  amount 
of  the  excursion  of  the  lever  by  slackening  or  tightening  the  screw- 
clamp.     Set  the  drum  off  at  slow  speed,  and  take  a  tricing. 

(^)  Then  disconnect  the  cannula  from  its  tube.     Dissect  out  the 
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divide  it  between  the  larynx  and  the  ligature.  Reconnect  the 
cannula.  Take  a  tracing  first  with  weak  and  then  with  strong 
stimulation  of  the  central  end  of  the  su|>erior  laryngeal 

{d)  Disconnect  the  cannula,  and  isolate  the  vagus  on  the  other 
side.  While  a  tracing  is  being  taken,  divide  it.  The  respiratory 
movements  will  probably  at  once  become  deeper  and  less  frequent. 

(r)  Isolate  the  sciatic  nerve  (p.  155)^  ligature  it,  and  cut  below  the 
ligature.  Stimulate  its  central  end  while  a  tracing  is  being  taken. 
The  respiratory  movements  will  be  increased. 

(/)  Insert  a  glass  cannula  with  a  rectangular  elbow  into  the  carotid 
artery.  While  a  tracing  is  being  taken,  allow  the  blood  to  flow. 
Dyspnoea  and  exaggeration  of  the  respiratory  movements  will  be  seen 
when  a  considerable  quantity  of  blood  has  been  lost  Mark  and 
varnish  the  tracings.  In  the  whole  of  this  experiment  the  cannula 
is  to  be  disconnected,  except  when  the  Jever  is  actually  writing  on  the 
drum,  in  order  that  the  period  during  which  the  animal  must  breathe 
into  the  confined  space  of  the  bottle  may  be  diminished  as  much  as 
possible. 

2.  Measurement  of  the  Quantity  of  Water  and  Carbonic  Acid 
given  off  in  Respiration. — (See  l*ractical  Exercises  on  Chapters  VII. 
and  Vlll.)  This  experiment  may  be  performed  here,  or  with  those 
on  Chapters  VII.  and  VIII.,  as  is  most  convenient. 

3.  Section  of  both  Vagi. — I'roceed  as  in  Experiment  16,  p.  155, 
but  use  an  ordinary  rabbit;  and  instead  of  cutting  the  sympathetic, 
pass  threads  under  both  vagi,  divide  thera,  and  sew  up  the  wound. 
An  induction  coil  is  not  required,  unless  the  student  has  any  difii 
culty  in  deciding  which  nerve  is  the  vagus.  The  point  may  be  at 
once  settled  by  stimulating  the  nerves  before  division.  Stimulation 
of  the  vagus  will  cause  slowing  or  stoppage  of  the  heart,  and  there- 
fore of  the  pulse  in  the  carotid,  and  quickening  of  respiration. 
Stimulation  of  the  sympathetic  will  have  neither  of  these  effects. 
At  the  moment  of  section  the  student  should  observe  whether  there 
is  any  change  in  the  frequency  and  depth  of  the  respiratory  move- 
ments. The  animal  must  be  looked  at  once  at  least  on  the  day 
of  the  operation,  and  its  behaviour  carefully  obser\'ed.  Early  next 
morning  it  should  be  again  seen,  as  it  does  not  usually  live  much 
mure  than  twenty-four  hours. 

Make  an  autopsy,  observing  especially  the  state  of  the  lungs. 
Harden  portions  of  the  lungs  that  appear  to  contain  the  most 
exudation  in  MuUer's  fiuid  (ten  times  as  much  fluid  as  tissue). 
Change  the  fluid  next  day,  and  again  at  the  end  of  a  week.  In 
three  or  four  weeks  wash  out  the  Miiller's  fluid  under  the  tap,  and 
transfer  the  tissue  to  90  per  cent,  alcohol.  After  a  few  days  it  is  to 
be  prepared  for  cutting  by  being  passed  successively  through  absolute 
alcohol  (two  days),  absolute  alcohol  and  ether  mixture  (two  days), 
thin  celloidin  (two  or  three  days),  thick  celloidin  (one  day).  Fasten 
on  vulcanized  wood-fibre  and  cut  sections  with  a  sliding  microtome, 
moistening  the  knife  with  80  per  cent,  alcohol.  Stain,  mount,  and 
examine  under  the  microscope.  Note  the  exudation  in  the  alveoli, 
and  make  drawings.     Write  a  report  of  your  complete  experiment. 


CHAPTER  IV. 


BIOESTIOH. 

IV  the  last  chapter  we  have  described  the  manner  in  which 
;  the  inlerchange  of  gases  between  the  tissues  and  the  air  is 
earned  out.  We  have  now  to  consider  the  digestion  and 
>i>sorption  of  the  solid  and  liquid  food,  its  further  fate  in 
idatioa  to  the  chemical  changes  or  metabolism  of  the 
tissoes,  and  finally  the  excretion  of  the  waste  products  by 
'^thcr  channels  than  the  lungs. 

Logically,  we  ought  to  take  metabolism  after  absorption 
*nd  before  excretion,  tracing  the  food  through  all  its  vicissi- 
I  tudes  from  the  moment  when  it  enters  the  blood  or  lymph 
lit  is  cast  out  as  useless  matter  by  the  various  excretorj' 
lorgansw  Unfortunately,  however,  the  steps  of  the  process 
fire  as  yet  almost  entirely  hidden  from  us ;  we  know  only 
;  the  beginning  and  the  end.  We  can  follow  the  food  from 
(hctime  it  enters  the  alimentar>'  canal  till  it  is  taken  up  by 
ihe  tissoes  of  absorption  ;  and  we  have  really  a  fair  know- 
ledge of  this  part  of  its  course.  We  can  collect  the  end 
pfoducts  as  they  escape  in  the  urine,  or  in  the  breath,  or  in 
^ike  sweat ;  and  our  knowledge  of  them  and  of  the  manner 
^P^  which  they  are  excreted  is  considerable.  But  of  the 
■  *oaderfal  pathway  by  which  the  dead  molecules  of  the  food 
Amount  up  into  life,  and  then  descend  again  into  death,  we 
-  tatch  only  a  glimpse  here  and  there.  Only  the  introduction 
Uf^  ^c  conclusion  of  the  story  of  metabolism  are  at  present 
l^mour  possession  in  fairly  continuous  and  legible  form.  We 
^*ill  read  these  before  we  try  to  decipher  the  handful  of  torn 
aves  which  represents  the  rest. 
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OompmraUve. — In  the  lowest  kinds  of  animals,  such  as  the  Anxcbflt 
there  is  neither  mouth,  nor  alimentary  canal,  nor  anus :  the  food, 
wrapped  round  by  pseudopodia,  is  taken  in  at  any  part  of  the  aninul 
with  which  it  happens  to  come  in  contact ;  it  is  digested  within  the 
cell-substance,  and  the  part  of  it  which  is  useless  for  nuuition  is  cast 
out  again  at  any  part  of  the  surface. 

Coming  a  little  higher,  we  And  in  the  Ccclenterates  a  mouth  and 
alimentary  tube,  which  opens  into  the  body-cavity,  where  a  certiin 
amount  of  digestion  seems  to  lake  place,  and  from  which  the  food  is 
absorbed  either  through  the  cells  of  the  endoderm.  or,  as  in  Medusa, 
by  means  of  fine  canals,  which  radiate  from  the  body-cavity  into  ill 
walls,  and  form  part  of  the  so-called  gastro  vascular  system.  In  the 
Echinodermata  we  have  a  further  development,  a  complete  alimentary 
canal  with  mouth  and  anus,  and  entirely  shut  off  from  the  body- 
cavity.  In  many  Arthropods  it  is  possible  already  to  distinguish 
parts  corresponding  to  the  stomach,  and  the  small  and  large  intes- 
tines of  higher  forms,  the  digestive  glands  being  represented  by 
organs  which  in  some  groups  seem  to  be  homolt^ous  with  the  hvcr, 
and  in  others  with  the  salivary  glands  of  the  higher  vertebrates.  A 
few  Molluscs  seem  in  addition  to  possess  a  pancreas. 

Among  Vertebrates  fishes  hvae  the  simplest,  and  birds  and  mam* 
mals  the  most  complicated,  alimentary  system.     In  ihc  lowest  fishes 
the  stomach  is  only  indicated  by  a  slight  widening  of  the  anterior  put 
of  the  digestive  tube.     In  water-living  Vertebrates   there  are  no 
salivary  glands.     In  Birds  the  cesophagus  is  generally  dilated  to  form 
a  crop,  from  which  the  food  passes  into  a  stomach  consisting  of  two 
parts,  one  pre-eminently  glandular  { proven tricul us),  the  other  pre- 
eminently muscular   (ventriculus).       .\mong    Mammals    a    twofold 
division  of  the  stomach  is  distinctly  indicated  in  rodents  and  cetacean 
but  this  organ  reaches  its  greatest  comijlexiiy  in  ruminants,  which 
possess  no  fewer  than  four  gastric  pouches.     The  difierentiation  of 
the  Intestine  into  small  and   large   intestine  and   rectum   is  more 
distinct,   both  anatomically  and  functionally,  in  Mammals  than  in 
lower  forms ;  but  there  are  marked  difterences  between  the  various 
mammalian  groups  both  in  the  relative  size  of  the  several  parts  of  the 
digestive  tube,  and  in  the  proportion  between  the  total  length  of  the 
alimentary  canal  and  the  length  of  the  body.     In  general,  the  canal 
is   longest   in   herbivora,   shortest   in   carnivora.     Thus,   the   ratio 
between  length  of  body  and  length  of  intestine  is  in  the  cat  1:4, 
dog  1  : 6,  man  i  :  5  or  6,  horse  1:12,  cow  i  :  20,  sheep  1:27.    The 
relative  capacity  of  the  stomach,  small  intestine,  and  large  intesiine. 
is  in  the  dog  6:2:1-5,  in  the  horse  1  :  35  :  7,  in  the  cow  7:2:1. 
The  area  of  the  mucous  surface  of  the  alimentary  canal  is  very  con- 
siderable,  in  the  dog  more  than  half  that  of  the  skin,  the  surface  of 
the  small  intestine  being  three  times  that  of  the  stomach  and  four 
times  that  of  the  large  intestine.     In  the  horse  the  mucous  surface 
has  twice  the  area  of  the  skin. 

Anatomy  of  the  Alimentary  Canal  in  Man, — The  alimentary 

canal  is  a  muscular  tube,  which,  beginning  at  the  mouth. 


mns  under    the   various   names   of   pharynx,   oesophagus, 

[itomach,  smaU  intestine,  large  intestine,  and  rectum,  till  it 

at    the    anus.      Its    walls  are  largely  composed    of 

FBuscular  fibres;  its  lumen  is  clad  with  epithelium,  and  into 

[il  open  the  ducts  of  glands,  which,  morphologically  speaking, 

I  involutions  or  diverticula  formed  in  its  course.    In  virtue 

[tfits  muscular  fibres  it  is  a  contractile  tube;  in  virtue  of  its 

|ci»thelial  lining  and  its  special  glands  it  is  a  secreting  tube  ; 

rb  \'irtue  of  both  it  is  fitted  to  perform  those  mechanical  and 

[tbemical  actions   upon   the  food  which  are  necessary  for 

l^«rii<»n.     Its  inner  surface  is  in  most  parts  richly  supplied 

|*itb  bloodvessels,  and  in  special  regions  beset  with  pecu- 

[Inily-arrangcd  lymphatics;  by  both  of  these  channels  the 

liimentary  tube  performs  its  function  of  absorption.     From 

(he  beginning  of  the  oesophagus  to  the  end  of  the  rectum  the 

I  muicuiar  wall  consists,  broadly  speaking,  of  an  outer  coat  of 

[longitudinally-arranged  fibres,  and  a  thicker  inner  coat  of 

[fibres  running  circularly  or  transversely  around  the  tube* 

[Between  the  layers  Hes  a  plexus  of  non-medullated  nerves 

[and  neri'e-cells  (Auerbach's  plexus).     In  the  stomach  the 

llongiludinal  fibres  are  found  only  on  the  two  curvatures,  and 

|a  third  incomplete  coat  of  oblique  fibres  makes  its  appear- 

Dce  internal  to  the  circular  layer.     In  the  hirge  intestine, 

»in,   the   longitudinal    fibres    are    chiefly   collected    into 

isolated  strands.     In  the  pharynx  the  typical  arrange- 

CDt  is  departed  from,  inasmuch   as  there  is  no  regular 

rbngitudinal  layer ;  but  the  three  constrictor  muscles  repre- 

ient  to  a   certain   extent   the  great   circular  coat.      The 

jmnscles  of  the  mouth  and  of  the  phar>'nx  are  of  the  striped 

Ely.    So  is  the  muscle  of  the  upper  half  of  the  oesophagus 

i  man  and  the  cat,  and  of  the  whole  ossophagus  in  the  dog 

^•^■i  the  rabbit.     In  the  rest  of  the  alimentary  canal  the 

Giuiclc  is  smooth,  except  at  the  very  end,  where  the  external 

liphincter  of  the  anus  is  striped-     In  certain  situations  the 

[OfcuJarcoat  is  developed  into  a  regular  anatomical  sphincter^ 

jiilctimte  muscular  ring,  whose  function  it  is  to  shut  o" 

I  pan  of  the  tube  off  from  another  (sphincter  pylori),  or 

help  to  close   the  external  opening  of  the  tube  {intc 

Jphiocter  of  anus).      Elsewhere  a   fonic  contraction 
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portion  of  the  circular  coat,  not  anatomically  developed 
beyond  the  rest,  creates  a  functional  sphincter  (cardiac 
sphincter  of  stomach). 

Throughout  the  greater  part  of  the  digestive  tract  the 
peritoneum  forms  a  thin  serous  layer,  external  to  the 
muscular  coat.  Internally  the  muscular  coat  is  separated 
from  the  mucous  membrane,  the  lining  of  the  canal,  by  some 
loose  areolar  tissue  containing  bloodvessels,  lymphatics  and 
nerves  (Meissner*s  plexus),  and  called  the  submucous  coat. 
Between  the  mucous  and  submucous  layers,  but  belonging 
to  the  former,  in  the  whole  canal  below  the  beginning  of  the 
cesophagus,  is  a  thin  coat  of  smooth  muscular  fibre,  the 
muscularis  mucosas,  consisting  in  some  parts,  e,g.,  in  the 
stomach,  of  two,  or  even  three Jayers.  Between  this  and  the 
lumen  of  the  canal  lie  the  ducts  and  alveoli  of  glands,  sur- 
rounded by  bloodvessels  and  embedded  in  adenoid  or 
lymphoid  tissue,  which  in  particular  regions  is  collected 
into  well-defined  masses  (solitary  follicles,  Peyer's  patches, 
tonsils),  extending,  it  may  be,  into  the  submucous  tissue. 
In  the  mouth,  pharynx  and  oesophagus,  the  glands  lie  in  the 
submucosa,  as  do  the  glands  of  Brunner  in  the  duodenum  ; 
everywhere  else  they  are  confined  to  the  mucous  membrane 
proper.  Between  the  openings  of  the  glands  the  mucous 
membrane  is  lined  with  a  single  layer  of  columnar  epithelial 
cells,  sometimes  (in  the  small  intestine)  arranged  along  the 
sides  of  tiny  projections  or  villi.  At  the  ends  of  the  alimen- 
tary canal,  viz.,  in  the  mouth,  pharynx  and  cesophagus,  and 
at  the  anus,  the  epithelium  is  stratified  squamous,  and  not 
columnar. 

The  purpose  of  food  is  to  supply  the  waste  of  the  tissues 
and  to  maintain  the  normal  composition  of  the  body.  In 
the  body  we  find  a  multitude  of  substances  marked  off  firom 
each  other,  some  by  the  sharpest  chemical  differences, 
others  by  characters  much  less  distinct,  but  falling  upon  the 
whole  into  a  few  fairly  definite  groups.  Thus,  there  are 
bodies  like  serum-albumin,  serum-globulin,  myosin,  and  so  on, 
which  are  so  much  alike  that  they  can  all  be  placed  in  one 
great  class,  a.s  proteids.  Then  we  have  bodies  like  glycogen 
and    dextrose,   vastly    simpler   in  their  composition,  and 


J 


D/GESTION, 


237 


onging  10  the  group  of  carbo-hydrates.  Then,  again,  fats 
various  kinds  are  widely  distributed  in  normal  animal 
lies;  and  inorganic  materials,  such  as  water  and  salts,  are 

absent 
low,  although  it  is  by  no  means  necessary  that  a  sub- 
bee  in  the  body  belonging  to  one  of  these  great  groups 
dkoold  be  derived  from  a  substance  of  the  same  group  in  the 
food,  it  has  been  found  that  no  diet  is  sufficient  for  man 
Boless  it  contains  representatives  of  all ;  a  proper  diet  must 
include  proteids,  carbo-hydrates,  fats,  inorganic  salts  and 
water.  These  proximate  principles  have  to  be  obtained 
from  the  raw  material  of  the  food-stuffs ;  it  is  the  business 
of  digestion  to  sift  them  out  and  to  prepare  them  for 
absorption.  This  preparation  is  partly  mechanical,  partly 
cfaemicai. 

The  water  and  salts  and  some  carbo-hydrate s»  such  as 
dextrose,  are  ready  for  absorption  without  change.  Fats 
we,  for  the  most  part,  only  mechanically  altered.  Indiffu- 
sible  carbo-hydrates,  like  starch  and  dextrin,  are  changed  into 
,  difiisible  sugar»  and  the  natural  proteids  into  diffusible 
peptones.  Mechanical  division  of  the  food  is  an  important 
aid  to  the  chemical  action  of  the  digestive  juices.  We  shall 
see  that  this  mechanical  division  forms  a  great  part  of  the 
iioric  of  the  stomach,  but  it  is  normally  begun  in  the  mouth, 
tnd  It  is  of  consequence  that  this  preliminary  stage  should 
be  properly  performed. 

^P  I.  The  Mechanical  Fbenomena  of  Digestion. 

Kutication. —  It  is  among  the  mammalia  that  regular 
mastication  of  the  food  first  makes  its  appearance  as  an 
in^Ktrtant  aid  to  digestion.  The  amphibian  bolts  its  dy,  the 
Wd  its  grain,  and  the  fish  its  brother,  without  the  ceremony 
of  chewing.  In  rumiiiating  mammals  we  see  mastication 
carried  to  its  highest  point ;  the  teeth  work  all  day  long, 

§  roost  of  them  are  specially  adapted  for  grinding  the 
The  carnivora  spend  but  a  short  time  in  mastication; 
teeth  are  in  general  adapted  rather  for  tearing  and 
n^  than  for  grinding.     Where  the  diet  is  partly  animal 
'  ^<i  partly  vegetable,  as  in  man,  the  teeth  are  fitted  (or  aV\ 
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kinds  of  work  ;  and  the  process  of  mastication  is  in  general 
neither  so  long  as  in  the  purely  vegetable  feeders,  nor  so 
short  as  in  the  carnivora. 

In  man  there  are  two  sets  of  teeth  :  the  temporary  or  milk- 
teeth,  and  the  permanent  teeth.  The  milk-teeth  are  twenty 
in  number,  and  consist  on  each  side  of  four  incisors  or 
cutting-teeth,  two  canines  or  tearing-teeth,  and  four  molars 
or  grinding-teeth.  The  central  incisors  emerge  at  the 
seventh  month  from  birth,  the  other  incisors  at  the  ninth 
month,  the  canines  at  the  eighteenth,  and  the  molars  at  the 
twelfth  and  twenty-fourth  month  respectively.  Each  tooth 
in  the  lower  jaw  appears  a  little  before  the  corresponding 
one  in  the  upper  jaw.  Each  of  the  milk-teeth  is  in  course 
of  time  replaced  by  a  permanent  tooth,  and  in  addition  the 
vacant  portion  of  the  gums  behind  the  milk  set  is  now  filled 
up  by  twelve  teeth,  six  on  each  side,  three  above  and  three 
below.  These  twelve  are  the  permanent  molars ;  they  raise 
the  number  of  the  permanent  teeth  to  thirty-two.  The 
permanent  teeth  which  occupy  the  position  of  the  milk 
molars  now  receive  the  name  of  premolars.  The  first 
tooth  of  the  permanent  set  (the  first  true  molar)  appears  at 
the  age  of  6^  years,  the  last  molar,  or  wisdom  tooth,  does 
not  emerge  till  the  seventeenth  to  the  twenty-fifth  year. 

In  mastication  the  lower  jaw  is  moved  up  and  down,  so 
as  to  alternately  separate  and  approximate  the  two  rows  of 
teeth.  It  has  also  a  certain  amount  of  movement  from  side 
to  side,  and  from  front  to  back.  The  masseter,  temporal 
and  internal  pterygoid  muscles  raise,  and  the  digastric,  with 
the  assistance  of  the  mylo-  and  genio-hyoid,  depresses,  the 
lower  jaw.  The  external  pter>'goids  pull  it  forward  when 
both  contract,  forward  and  to  one  side  when  only  one 
contracts.  The  lower  fibres  of  the  temporal  muscle  retract 
the  jaw.  The  buccinator  and  orbicularis  oris  muscles 
prevent  the  food  from  passing  between  the  teeth  and  the 
cheeks  and  lips.  The  tongue  keeps  the  food  in  motion, 
works  it  up  with  the  saliva,  and  finally  gathers  it  into  a 
bolus  ready  for  deglutition. 

'That  mastication  may  be  properly  performed,  the  teeth  must  be 
sound  ;  and  that  they  may  remain  sound,  they  should  be  kepi  clean. 
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particles  of  food  that  adhere  to  the  teeth  after  a  meal  become 

ling-ground  of  l>acieria,  whose  acid  products  injuriously  affect 

enunel,  and  often  by  corroding  it  expose  the  dentine.     Entrance 

[thus  afforded  to  the  micro-organisms  of  caries,  which,  although 

cannot  live  on  enamel  with   its  small   proportion  of  organic 

;r,  flourish  upon  deniine,  and  especially  upon  the  contents  of 

f  pulp  cavity  when  this  is  at  length  opened.     In  addition  to  the 

it)'  and  the  loss  of  distinctness  in  speech  which  extensive 

iction  of   the  teeth   entails,  a  vast   number  of  cases  of   foul 

:h  are  entirely  due  to  fiUhy  and  carious  teeth.     And  since  in 

countries  bad  breath  subtracts  more  from  the  sum  of  human 

ipiness  than  bad  laws,  there  is  perhaps,  even  in  this  relation  alone, 

single  hygienic  measure  thai  costs  so  little  andyields  so  much  as 

iborough  and  systematic  cleansing  of   the  mouth.      But   the 

care  of  the  teeth  is  by  no  means  of  merely  aesthetic  interest ; 

of  great  importance  for  the  maintenance  of  health.     In  many 

of  severe  and  even  serious  dj-sj>epsia,  the  cause  of  the  mischief 

DO  deeper  than  the  mouth,  and  the  patient  needs,  not  physic  for 

stomach,   but  filling  for  his  carious  teeth.      And  aliltough  no 

;cian  at  the  present  day  can  Like  all  medicine  for  his  province 

^Bacon  took  all  knowledge,  every  man  who  busies  himself  with  the 

itment  of  alimentary  diseases  (and  how  few  diseases  are  not  in 

degree  alimentary  !)  should  know  enough  about  the  teeth  to  be 

10  tell  when  a  patient  has  mistaken  the  doctor's  door  for  the 

tistY' 

Deglatition. — This  act  consists  of  a  voluotary  and  an 
involuntary  stage.  During  the  former  the  anterior  part  of 
the  tongue  is  pressed  against  the  hard  palate  so  as  to  thrust 
the  bolus  through  the  isthmus  of  the  fauces.  As  soon  as 
this  has  happened  and  the  food  has  reached  the  posterior 
portion  of  the  tongue,  it  has  passed  beyond  the  control  of 
tjj^iU,  and  the  second  or  involuntary  stage  of  the  process 


stage  may  be  divided  into  two  parts  :  (i)  pharyngeal, 

ctsophageal — both   being  reflex  acts.     During  the  first 

;food  has  to  pass  through  the  pharynx,  the  upper  portion 

[which  forms  a  part  of  the  respiratory  tract,  and  is  in  free 

lunication  with  the  larynx  during  ordinary  breathing. 

therefore  necessary  that  respiration  should  be  inter- 

Bpted  and  the  larynx  closed  while  the  food  is  being  moved 

ough  the   pharynx.     But  that  the  interruption  may  be 

t,  the  food  must  be  rapidly  passed  over  this  perilous 

tion  of  its  descent.     The  pharynx  is  accordingly  provided 

ilb  rapidly-contracting  striped  muscle  ;  and  that  none  tA 
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its  purchase  may  be  lost,  the  pharyngeal  cavity  is  cut  off 
from  the  nose  and  mouth  as  soon  as  the  bolus  has  entered 
it.  The  soft  palate  is  raised  by  the  levator  palati ;  at  the 
same  time  the  upper  part  of  the  pharynx,  narrowed  by  the 
contraction  of  the  superior  constrictor,  comes  forward  to 
meet  the  soft  palate,  closes  in  upon  it,  and  so  prevents  the 
food  from  passing  into  the  nasal  cavities.  The  pharynx  is 
cut  off  from  the  mouth  by  the  closure  of  the  fauces  through 
the  contraction  of  the  palato-pharyngeal  muscles  which  lie 
in  their  posterior  pillars.  The  larynx  is  pulled  upwards 
and  forwards  by  the  contraction  of  the  thyro-hyoid  muscle, 
and  the  elevation  of  the  hyoid  bone  by  the  muscles 
which  connect  it  to  the  lower  jaw.  The  glottis  is  closed  by 
the  approximation  of  the  vocal  cords  and  the  arytenoid 
cartilages,  assisted  it  may  be  by  the  epiglottis.  But  this 
organ  can  hardly  play  the  great  part  which  has  been 
assigned  to  it  in  closing  the  larynx,  since  swallowing 
proceeds  in  the  ordinary  way  when  it  is  absent.  The  morsel 
of  food,  grasped  by  the  middle  and  lower  constrictors  as  it 
leaves  the  back  of  the  tongue,  passes  rapidly  and  safely  over 
the  closed  larj'nx,  the  process  being  accelerated  by  the 
pulling  up  of  the  lower  portion  of  the  pharynx  over  the 
bolus  by  the  action  of  the  palato-  and  stylo-pharyngel 

The  second  or  oesophageal  portion  of  the  involuntar}' 
stage  is  a  more  leisurely  performance.  The  bolus  is  carried 
along  by  a  peculiar  contraction  of  the  muscular  wall  of  the 
oesophagus,  which  travels  down  as  a  wave,  pushing  the  food 
before  it.  When  the  food  reaches  the  lower  end  of  the 
gullet  the  tonic  contraction  of  that  part  of  the  tube  is  for  a 
moment  relaxed,  apparently  by  reflex  inhibition,  and  the 
morsel  passes  into  the  stomach. 

There  are  certain  remarkable  peculiarities  which  dis- 
tinguish this  peristaltic  movement  of  the  oesophagus  from 
that  of  other  parts  of  the  alimentary  canal.  It  is  far  more 
closely  related  to  the  nervous  system,  and,  unlike  the 
peristaltic  contraction  of  the  intestine,  can  pass  over  any 
muscular  block  caused  by  ligature,  section,  or  crushing,  so 
long  as  the  nervous  connections  are  intact.  But  division 
of  the   oesophageal   nerves  causes,  as   a   rule,  stoppage  of 
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and  other  proteids  of   milk,  like   the   myosin   and  other 

proteids   of   meat,  and    the   globulins,    phytovitellins,   and 

other  proteids  of  bread  and  of  vegetable  food  in  general,  are 

all  acted  upon  by  the  pepsin  and  hydrochloric  acid,  yielding 

ultimately    peptones ;    while   variable    quantities    of    acid- 

I      albumin  and  proteoses  maj'  escape  this  final  change,  and 

^ppossoD  as  such  into  the  duodenum.     In  the  dog,  indeed,  a 

mealuf  tiesh  has  been  found  to  be  almost  entirely  digested  to 

the  peptone  stage  while  still  in  the  stomach,  leaving  little  for 

the  pancreatic  juice  to  do.     But  we  may  safely  assume  that, 

in  the  case  of  a  man  living  on  an  ordinary  mixed  diet,  much 

of  the  food  proteids  passes  through  the  pylorus  chemically 

nnchanged,  or  having   undergone   only   the   first   steps  of 

^kh)'dration.     For,  even  a  few  minutes  after  food  has  been 

^swallowed,  the  pyloric   sphincter  may  relax  and  allow  the 

stomach  to  propel  a  portion  of  its  contents  into  the  intestine; 

and  such  relaxations  occur  at  intervals  as  digestion  goes  on, 

although  it  is  not  for  several  hours  (three  to  live)  that  the 

greater  portion  of  the  food  reaches  the  duodenum.     During 

this  time  the  acidity  has  at  first  been  constantly  increasing, 

although  for  about  half  an  hour  after  the  short  amylolytic 

stage  the  hydrochloric  acid  has  combined,  as  it  is  formed, 

I       *ith  the  proteids  of  the  food.     The  combination,  however, 

J      does  not  prevent  it  from  causing  an  acid  reaction,  although 

I      Qp  to  this  time  no  free  acid  is   present.     Then  comes  a 

sta^e  where  the  hydrochloric  acid  has  so  much  increased 

lliai,  after   combining   with   all    the   proteids,   some   of  it 

riniains  over  as  free  acid.     Soon,  however,  the  total  acidity 

hegios  to  fall,  the  fully-digested  proteids  being  continually 

alsorbed  in  the  form  of  peptones,  which  are  only  found  in 

traces,  if  at  all,  in  the  chyme.     This  fall  continues  till  the 

third  or  fourth  hour,  the  proportion  of  free  to  combined  acid 

continuing,  nevertheless,  to  rise,  since  nearly  all  that  is  now 

secreted   remains   free.     Easily-diffusible    bodies,   such    as 

sugars  and  some  of  the  organic  crystalline  constituents  of 

^^U   <.A'.    kxeatin,   will    also    pass    through    the    gastric 

I^Aiucous  membrane  into  the  blood. 

^B  The  substances  which  reach  the  duodenum  are :  (i)  the 
^Vhole  of  the  fats,  with  no  chemical  and  little  physical 
^1 
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change.  But  the  digestion  in  the  stomach  of  the  envelopes 
and  protoplasm  of  the  cells  of  adipose  tissue,  and  of  the 
proteid  which  keeps  the  iaX  of  milk  in  emulsion,  prepares  the 
fats  for  what  is  to  follow  in  the  intestine,  (a)  All  the 
proteids  which  have  not  been  carried  to  the  stage  of 
peptone,  and  perhaps  some  peptone.  (3)  All  the  starch 
and  dextrins — and  glycogen,  if  any  be  present — which  have 
not  been  converted  into  maltose,  and  possibly  a  little 
maltose.  (4)  Elastin,  nuclcin,  cellulose,  and  other  sub- 
stances not  digestible  or  digestible  only  with  difficulty  in 
gastric  juice.  (5)  The  constituents  of  the  gastric  juice 
itself,  including  pepsin.  The  ptyalin  of  the  saliva  has  been 
already  digested  and  destroyed. 

It  must  be  remembered  that  all  this  time,  even  from  the 
beginning  of  digestion,  a  certain  amount  of  pancreatic  juice 
has  been  finding  its  way  into  the  duodenum  in  response  to 
that  distant  action  of  the  food  which  we  have  discussed,  and 
the  reflex  nature  of  which  wc  have  not  been  able  either 
definitely  to  admit  or  altogether  to  reject.  The  secretion  of 
bile,  too,  always  going  on,  has  quickened  its  pace,  and  the 
gall-bladder  is  getting  more  and  more  full  as  the  meal 
proceeds,  and  gastric  digestion  begins.  When  the  acid 
chyme,  a  grayish  liquid,  turbid  with  the  debris  of  animal 
and  vegetable  tissues — with  muscular  fibres,  fat  globules, 
starch  granules,  and  dotted  ducts — gushes  through  the 
pylorus  and  strikes  the  duodenal  wall,  a  rush  of  bile  takes 
place,  which  perhaps  precipitates  some  of  the  soluble  consti- 
tuents— parapeptones,  proteoses  (albumoses),  and  pepsin — 
as  a  granular  coating  on  the  surface  of  the  mucous  membrane. 
The  pepsin,  although  afterwards  redissolved  along  with  the 
rest  of  the  precipitate,  is  thus  rendered  inert,  and  prevented 
firom  destroying  the  trypsin  already  present  in  the  duodenum, 
as  it  would  otherwise  do,  since  the  reaction  of  the  chyme 
still  remains  acid.  By-and-by,  as  bile  and  pancreatic  juice 
continue  to  be  poured  out,  the  reaction  becomes  less  acid 
though  never  alkaline  unless  for  a  short  time  in  the  duode- 
num, and  the  trypsin  begins  its  work  upon  the  proteids. 
The  undigested  proteids  are  all  carried  on  to  the  stage  of 
peptone,  much  of  this  being  absorbed  as  it  is  formed,  some 
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even  in  perfectly  normal  digestion,  in  the  dog  at  least,  being 
farther  split  up  into  leucin  and  tyrosin. 

The  common   statement   that   the  contents  of  the  intestine  are 

aUcAline  is  certainly  incorrect.     Trypsin,  like  pepsin,   performs   its 

irlc,  for  the  most  part,  at  any  rate,  in  an  acid  medium.     The  reaction 

the  duodenum  may  possibly  become  alkaline  for  a  time,  when  the 

inflow  of  bile  and  pancreatic  juice  is  ai  its  height     But  the  lactic 

arid  produced  by  the  action  of  micro-oi^anisms  on  the  sugar  in  the 

intestine  more   than    neutralizes   the    alkaline  substances    in    these 

^jecrelions,  and  the  acidity  of  the  chyme  continually  increases  as  it 

down  the  gut.     We  are  not  without  other  examples  of  digestive 

icn  destined  to  act  in  a  medium  with  an  opposite  reaction  to  their 

The  'saliva'  of  Octopus  macropus,  strongly  acid  though  it  is, 

itaiDS  a  proteol>lic  ferment  which  ///  vitro  acts,  like  trypsin,  better 

i  neutral  or  alkaline,  than  in  an  acid  solution.     The  pepsin  of  the 

(in  iiselfj  alkaline  secretion  of  the  pyloric  end  of  the  stomach  becomes 

a  coostiiuent  of  the  acid  gastric  juice ;  and  it  may,  perhaps,  be  con- 

ndered  a  morphological  accident,  so  to  speak,  that  the  oxyntic  cells 

of  tht  cardiac  end  should  mingle  their  acid  products  with  the  (pre- 

mnicdly)  alkaline  secretion  of  the  chief  cells  in  the  lumen  of  each 

Klind  tube,  instead  of  Ix^ing  massed  as  a  separate  organ  with  a  special 

duct. 

In  the  lower  portions  of  the  small  intestine  bacteria  of 

vahoQs  kinds  are  present  and  active;  and  it  is  not  unlikely 

that  even  throughout  its  whole  length  a  certain  range  of 

iction  is  permitted  to  them,  checked  by  the  acidity  of  the 

chyme,  and  perhaps  by  the  antiseptic  properties  of  the  bile. 

ITie  stomach,   with   its  acid  contents,   forms  during  the 

greater  part  of  gastric  digestion  a  valve  or  trap  to  cut]  off 

the  upper  end  of  the  intestine  from  the  bacteria-infested 

^pons  of  the   mouth   and   pharynx,   and   to   destroy  the 

'micro-organisms  swallowed  with  the  food  and  saliva.     The 

'  tKxasional    presence    in     vomited     matter    of    sarcinse   or 

regularly  arranged  groups  of  micrococci,  generally  four  to  a 

Poup,  shows  that  under  abnormal  conditions  the  gastric 

^-Contents  are  not  perfectly  aseptic  ;  and  even  from  a  normal 

^•Momach  active  micro-organisms  of  various   kinds  can   be 

^Bwtained.     But  upon  the  whole  there  is  no  doubt  that  the 

^icidity  of  the  gastric  juice  is  an  important  check  on  bacterial 

activity  during  the  first  part  of  digestion,  and  in  the  upper 

portion  of  the  alimentary  canal. 

And,  indeed,  Koch  has  shown  that  the  acidity  of  the  gastric 
nice  of  a  guinea-pig  is  sufficient  to  kill  the  comma  bacWWs 


■     the 

Vmit 
Voce 


A  MANUAL  OF  PHYSIOLOGY. 


of  cholera.  Normal  guinea-pigs  fed  with  cholera  bacilli 
were  unaffected.  But  if  the  gastric  juice  wa^  aeutralized  by 
an  alkali  before  the  administration  of  the  bacilli  the  guinea- 
pigs  died. 

It  has  been  supposed  by  some  that  this  bactericidal  action 
is  the  chief  function  of  the  stomach,  and  the  question  has 
been   asked,   why   we   should   attribute   any   digestive   im- 
portance to  the  secretion  of  that  viscus,  smce  the  pancreatic 
juice  can  do  all  that  the  gastric  juice  does,  and  some  things 
which  it  cannot  do  ?     Further,  it  has  been  shown  that  a  dog 
may  live  five  years  after  complete  excision  of  the  stomach, 
comport  himself  in  all  respects  like  a  normal  dog*  and  when 
killed    for    autopsy   show    every  organ    in   perfect   health 
(Czemy).     But  if  this  is  to  be  admitted  as  evidence  against 
the  digestive  function  of  the  stomach,  it  is  just  as  good 
evidence  against  the  bactericidal  function,  particularly  as  it 
has  in  addition  been  lately  shown  that  even  putrid  flesh  has 
no  harmful  effect  on  a  dog  after  excision  of  the  stomach,  any 
more  than  on  a  normal  dog.    And,  indeed,  the  reasoning  is 
fallacious  which  assumes  that  what  may  happen  under  abnor- 
mal conditions  must  happen  when  the  conditions  are  normal. 
For  nothing  is  impressed  more  often  on  the  physiological 
observer  than  the   extraordinary   power  of  adaptation,   of 
making  the  best  of  ever>'thing,  which  the  animal  organism 
possesses.     Doubtless,  a  dog  without  a  stomach  will  use  to 
the  best  advantage  the  digestive  fluids  that  remain  to  him  ; 
and  the  pancreatic  juice  may  be  adequate  to  the  task  q€ 
complete  digestion.     So,  too,  a  man  from  whom  the  surgeon 
has  removed  a  kidney,  or  a  testicle,  or  a  lobe  of  the  thyroid 
gland,  may  be  in  no  respect  worse  off  than  the  man  who 
possesses  a  pair  of  these  organs.     But  what  do  we  deduce 
from  this  ?     Not  surely  that  the  excised  thyroid,  or  testicle, 
or  kidney  was  useless,  or  the  gastric  juice  inactive,  but  that 
the  organism  has  been  able  to  compensate  itself  for  their  loss. 

The  lower  end  of  the  small  intestine  is  not  cut  off  by  any 
bacteria-proof  barrier  from  the  large  intestine,  in  which 
putrefaction  is  constantly  going  on.  So  that  micro-organisms 
may  be  able  to  work  their  way  above  the  ileo-csecal  valve, 
even  against  the  downward  peristaltic  movement.     But  even 
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^Ptf  this  were  not  the  case  a  few  bacteria  or  their  spores, 
passinfj  through  the  stomach  with  the  food,  would  be  enough 
to  set  up  extensive  changes  as  soon  as  they  reached  a  part 

I      of  the  alimentary  canal  where  the  conditions  were  favourable 

^■to  their  development.     Indeed*   from  the  time   when   the 

^^ first  micro-organism  enters  the  digestive  tube  soon  after 
birth,  it  is  never  free  from  bacteria ;  and  their  multiplication 
in  one  part  of  it  rather  than  another  depends  not  so  much  on 
the  number  originally  present  to  start  the  process,  as  on  the 
conditions  which  encourajje  or  restrain  their  increase. 

The  fact  that  the  reaction  in  the  intestine  is  acid  renders 
it  difficult  to  apply  the  results  of  experiments  made  under 
artificial  conditions  (p.  327),  to  the  explanation  of  the 
changes  undergone  by  the  fats  in  actual  digestion. 

They  may.  to  a  small  extent,  be  broken  up  into  their  fatty 
acids  and  glycerine  by  the  fat-splitting  ferment  of  the 
pancreatic  juice.  The  acids  may  form  soaps  with  alkalies 
wherever  they  meet  them  in  the  intestinal  contents,  or  even 

^_  in  the  mucous  membrane.     The  soaps  may  aid  the  ernulsift- 

^pcation  of  the  fats  which  wc  know  takes  place  in  the  small 
intestine  as  a  preparation  for  their  absorption  by  the  villi 
(P-  Ji8)-  The  starch  and  dextrine  which  have  escaped  the 
Ktion  of  the  saliva  are  changed  into  maltose  by  the  pancreatic 

^ft  juke.    A  little  dextrine  may  be  absorbed  as  such  (Bleile). 

^^  The  saccQS  entericus  plays  no  ver\-  important  part, 
although,  as  an  alkaline  liquid,  it  doubtless  aids  in  establish- 
ing the  reaction  favourable  to  intestinal  digestion.  It  will 
invert  any  cane-sugar  which  may  reach  the  intestine ;  but  it 
cannot  be  doubted  that  cane-sugar  may  be  absorbed  by  the 
Mornach,  being  inverted  either  by  a  ferment  in  the  mucus 

^m  lining  that  viscus,  or  on  its  way  through  the  gastric  walls. 

^P  Vpon  the  whole  no  ;;reat  amount  of  water  is  absorbed  in 
^e  small  intestine,  or  at  least  the  loss  is  balanced  by  the 
pin.  for  the  intestinal  contents  are  as  concentrated  in  the 
dDcxJenum  as  in  the  ileum.  But  as  soon  as  they  pass  beyond 
^  ileo-cffical  valve,  water  is  rapidly  absorbed,  and  the 
intents  thicken  into  normal  faeces,  to  which  the  chief  con- 
tnbotion  of  the  large  intestine  is  mucin,  secreted  by  the  vast 
Omnt>er  of  goblet-cells  in  its  Lieberktlhn's  crypts. 


3*» 


A  MANUAL  OF  PHYSIOLOGY, 


So  far  we  have  paid  no  attention  to  other  than  the  soluble 
ferments  of  the  digestive  tract.  It  is  now  necessar>'  to 
recognise  that  the  presence  of  bacteria  is  an  absolutely 
constant  feature  of  digestion  ;  and  although  their  action 
must  in  part  be  looked  upon  as  a  necessarj-  evil  which  the 
organism  has  to  endure,  and  against  the  consequences  of 
which  it  has  to  struggle,  it  is  not  unlikely  that  in  part  it  may 
be  ancillary  to  the  processes  of  aseptic  digestion. 

Among  the  more  important  actions  of  bacteria  on  the 
proteid  food-products  in  the  intestines  maybe  mentioned  the 
formation  of  indol,  phenol,  and  skatol,  the  ftrst  having  tyrosin 
for  its  precursor,  and  being  itself  after  absorption  the  precursor 
of  the  indican  in  the  urine  ;  the  second  being  to  a  small 
extent  thrown  out  with  the  faces,  but  chiefly  absorbed  and 
eliminated  by  the  kidneys  as  an  aromatic  compound  of 
sulphuric  acid  ;  the  third  passing  out  mainly  in  the  faeces. 
From  carbo-hydrates  lactic  acid  is  formed  in  increasing" 
amount  as  the  lower  portion  of  the  intestine  is  reached,  so 
that  the  reaction,  which  is  acid  in  the  upper  part  of  the 
tube,  owing  to  the  acidity  of  the  chyme,  in  spite  of  the  out- 
flow of  bi!e  and  pancreatic  juice  remains  acid  in  the  ileum. 
In  the  dog,  indeed,  on  a  flesh  diet,  and  therefore  under  con- 
ditions which  leave  little  scope  for  lactic  acid  fermentation, 
the  reaction  of  the  whole  of  the  small  intestine  has  been 
found  acid.  But  this  is  perhaps  not  constantly  the  case; 
and  when  it  does  occur,  it  may  be  connected  with  the  very 
thorough  and  almost  exhaustive  digestion  of  proteids, 
which,  as  we  have  already  mentioned,  the  stomach  of  the 
dog  is  of  itself  able  to  accomplish,  so  that  little  being  left  for 
the  intestine  to  do,  little  of  the  alkaline  digestive  juices  are 
poured  into  it,  and  this  little  is  swamped  by  the  acid  gastric 
contents. 

The  large  intestine  is  the  chosen  haunt  of  the  bacteria  of 
the  alimentary  canal;  they  swarm  in  the  faeces,  and  by  their 
influence,  especially  in  the  Cfecum  of  hcrbivora,  but  also  to  a 
small  extent  in  man,  even  cellulose  is  broken  up,  the  final 
products  being  carbonic  acid  and  marsh  gas.  The  contents 
of  the  large  bowel  are  generally  acid  from  the  products  of 
putrefaction,  although  the  wall  itself  is  alkaline. 
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laeti. — In  addition   to  the  mucin  secreted  by  the  large 
jatestiae  the  faeces  consist  of  indigestible  remnants  of  the 
food,  such  as  elastic  fibres,  spiral  vessels  of  plants,  and  in 
,  general  all  vegetable  structures  chiefly  composed  of  cellulose. 
They  are  coloured  with  a  pigment,  stercobilin,  derived  from 
the  bile  pigments,  and  identical  with  *  febrile  '  urobilin,  and 
with  the  urobilin  which   forms  a  common,  though  not  an 
iarariable  constituent  of  bile  itself,  but  different  from  the 
urobilin  of  normal  urine.     No  bilirubin  or  biliverdin  occurs 
in  normal     fseces,    although    pathologically   they   may   be 
present.     A  small  amount  of  altered  bile  acids  and  their 
products  is  also  found  ;  and  in  respect  to  these,  and  to  the 
altered  pigments,  bile  is  an  excretion.     And  although  its  im- 
portant function  in  digestion,  and  the  fact  that  the  greater 
part  of  the  bile  salts  is  reabsorbed^  show  that  in  the  adult 
it  is  very  far  from  being  solely  a  waste  product,  the  equally 
cogent  fact,  that  the  intestine  of  the  new-born  child  is  filled 
with  what  is  practically  concentrated  bile  {meconium),  proves 
that  it  is  just  as  far  from  being  purely  a  digestive  juice. 
Skatol  and  other  bodies,  formed  by  putrefactive  changes  in 
the  proteids  of  the  food,  are  also   present  in   the  fa;ces; 
but  the   fzecal   odour  is   not   due   to   skatol,   as   has   been 
supposed,   since   it   is  without  smell   when   pure.     Of  the 
inorganic   substances   in   fa;ces    the   numerous   cr)'Stals    of 
triple  phosphate  are  the  most   characteristic.     When   the 
diet  is  too  large,  or  contains  too  much  of  a  particular  kind 
of  food,  a  considerable  quantity  of  digestible  material  may 
be  found  in  the  fteces,  ff.g.,  muscular  fibres  and  fat. 
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Having  thus  traced  the  food  in  its  progress  along  the 
alimentary  canal,  and  sketched  the  changes  wrought  in  it  by 
digestion,  we  have  next  to  consider  the  manner  in  which  it 
is  absorbed.  Then»  for  a  reason  which  has  already  been 
explained,  instead  of  following  its  fate  within  the  tissues, 
until  it  is  once  more  cast  out  of  the  body  in  the  form  of 
waste  products,  it  will  be  best  to  drop  the  logical  order  and 
pick  up  the  other  end  of  the  clue — in  other  words,  to  pass 
from  absorption  to  excretion,  from  the  first  step  in 
metabolism  to  the  closing  act,  and  after\vards  to  return  and 
fill  in  the  interval  as  best  we  can. 

And  here,  first  of  all,  it  should  be  remembered  that  the 
epithelial  surfaces,  through  which  the  substances  needed  by 
the  organism  enter  it,  and  waste  products  leave  it,  arc, 
physiologically  considered,  outside  the  body.  The  mucous 
membranes  of  the  alimentary,  respirator>'  and  urinary  tracts 
are  in  a  sense  as  much  external  as  the  fourth  great  division 
of  the  physiological  surface,  the  skin.  The  two  latter  surfaces 
are  in  the  mammal  purely  excretory.  Absorption  is  the 
dominant  function  of  the  alimentary  mucous  membrane,  but 
a  certain  amount  of  excretion  also  goes  on  through  it.  The 
pulmonar>'  surface  both  excretes  and  absorbs,  and  that  in  an 
equal  measure.  But  it  is  by  no  means  necessary  that  the 
surface  through  which  oxygen  is  taken  in  and  gaseous  waste 
products  given  off  should  be  buried  deep  in  the  body,  and 
communicate  only  by  a  narrow  channel  with  the  exterior- 
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In  the  frog  the  skin  is  largely  an  absorbing  as  well  as  an 
Mcreiing  surface ;  oxygen  passes  freely  in  through  it,  just 
as  carbonic   acid   passes  freely   out.     In  most  fishes,  and 
many  other  gill-bearing  animals,  the  whole  gaseous  inter- 
change takes  place  through  surfaces  immersed  in  the  sur- 
rounding   water,    and    therefore    distinctly    external.       In 
certain  forms  it  has  even  been  shown  that  the  alimentary 
canal  may  sene  conspicuously  for  absorption  and  excretion 
of  gaseous,   as  well   as  liquid  and  solid  substances.     Still 
lower  down  in  the  animal  scale,  the  surface  of  a  single  tube 
may  perform  all  the  functions  of  digestion,  absorption  and 
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Pic.  89.— Diagram  of  Absorption  and  Excsetiun. 

excretion.  Lower  still,  and  even  this  tube  is  wanting,  and 
everything  passes  in  and  out  through  an  external  surface 
pierced  by  no  permanent  openings. 

Indeed,  even  in  man  the  functions  of  the  various 
anatomicaJ  divisions  of  the  physiological  surface  are  not 
quite  sharply  marked  off  from  each  other.  Though  gaseous 
interchange  goes  on  far  more  readily  through  the  pulmonary 
membrane  than  any^vhere  else,  swallowed  oxygen  is  easily 
enough  absorbed  from  the  alimentary  canal  and  carbonic 
acid  gi%-en  off  into  it ;  and  to  a  small  extent  these  gases  can 
also  pass  through  the  skin.  Though  water  is  excreted 
chiefly  by  the  skin  the  pulmonary  and  the  urinar>'  surfaces, 
and  on  the  whole  absorbed  chiefly  from  the  digestive 
tract,  there  is  no  surface  which  in  the  twenty-four  houis 
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pours  out  so  much  water  as  the  mucous  membrane  of 
the  stomach.  Under  normal  conditions,  it  is  true,  by  far 
the  greater  part  of  this  is  reabsorbed  in  the  intestine,  yet,  in 
diarrhcea,  whether  natural  or  caused  by  purgatives,  the 
intestines  themselves  may,  instead  of  absorbing,  contribute 
largely  to  the  excretion  of  water.  Again,  although  the  solids 
of  the  excreta  are  normally  given  off  in  far  the  greatest 
quantity  in  the  urine  and  faeces  (only  part  of  the  latter  is 
truly  an  excretion,  since  much  of  the  fseces  of  a  mbced 
diet  has  never  been  physiologically  inside  the  body  at  all), 
yet  salts  are  constantly,  and  urea  occasionally,  found  in 
the  excretions  of  the  skin,  and  of  the  respiratory*  tract- 
Further,  although  the  solids  aud  liquids  of  the  food  are 
usually  taken  in  by  the  alimentary  mucous  surface,  it 
is  possible  to  cause  substances  of  both  kinds  to  pass  in 
through  the  skin  ;  and  a  certain  amount  of  absorption  may 
also  take  place  through  the  urinary  bladder.  So  that  really 
it  may  be  considered,  from  a  physiological  point  of  view, 
as  more  or  less  an  accident  that  a  man  should  absorb  his 
food  by  dipping  the  villi  of  his  intestine  into  a  digested 
mass,  rather  than  by  dipping  his  fingers  into  properly  pre- 
pared solutions,  as  a  plant  dips  its  roots  among  the  liquids 
and  solids  of  the  soil ;  or  that  he  should  draw  air  into 
organs  lying  well  in  the  interior  of  his  thorax,  instead  of 
letting  it  play  over  special  thin  and  highly  vascular  portions 
of  his  skin ;  or  that  the  surface  by  which  he  excretes  urea 
should  be  buried  in  his  loins,  instead  of  lying  free  upon  his 
back. 

It  has  been  already  explained  that,  although  digestion  is 
a  nece5sar>*  preliminary  to  the  absorption  of  most  of  the 
solids  of  the  food,  we  are  not  to  suppose  that  all  the  food 
must  be  digested  before  any  of  it  begins  to  be  absorbed.  On 
the  contrary,  the  two  processes  go  on  together-  As  soon  as 
any  peptone  has  been  formed  from  the  proteids.  or  sugar 
from  the  starch,  they  begin  to  pass  out  of  the  alimentary 
canal  ;  and  by  the  time  digestion  is  over,  absorption  is  well 
advanced. 

Even  in  the  mouth  it  has  already  begun,  and  it  is  con- 
tinued  with   far  greater    rapidity   iw    the   stomach.     Here 
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peptones,  sugar,  and  dififusihle  substances  like  alcohol,  and 
the  extractives  of  meat,  which  form  an  important  part  of 
most  thin  soups  and  of  beef-tea,  are  undoubtedly  absorbed. 
But  it  is  in  the  small  intestine  that  absorption  reaches  its 
height.  The  mucous  membrane  of  this  tube  offers  an 
immense  surface,  multiplied  as  it  is  by  innumerable  villi, 
and  by  the  valvulse  conniventes.  Here  the  whole  of  the  fat, 
much  sugar  and  peptone,  certain  products  of  the  further 
action  of  the  unformed  and  formed  ferments  of  the  intestine 
on  the  food,  and  certain  constituents  of  the  bile  are  taken  in. 
In  the  large  intestine,  as  has  been  already  said,  water  and 
soluble  salts  are  chiefly  absorbed. 

What  now  is  the  mechanism  by  which  these  various 
products  are  taken  up  from  the  digestive  tube,  and  what 
paths  do  they  follow  on  their  way  to  the  tissues  ? 

Absorption  is  the  Work  of  Cells. — Not  so  very  long  ago,  it 
was  supposed  by  many  that  the  laws  of  osmosis  held  within 
tbcni  the  complete  explanation  of  physiological  absorption. 
At  that  time  the  dominant  note  of  physiology  was  an  eager 
appeal  to  chemistry  and  physics  to  '  come  over  and  help  it  *; 
and  much  more  was  expected  from  their  aid  than,  as  we  see 
now,  it  was  wise  to  hope  for.  The  phenomena  of  the 
passage  of  liquids  and  dissolved  solids  through  animal 
membranes,  upon  which  the  work  of  Graham  had  cast  so 
much  light,  seemed  to  find  their  parallel  in  the  absorptive 
processes  of  the  alimentarj*  canal.  And  when  digestion  was 
more  deeply  studied,  facts  appeared  which  seemed  to  show 
that  its  whole  drift  was  to  increase  the  solubility  and 
diffusibility  of  the  constituents  of  the  food.  Here  then  at 
last,  it  was  thought,  the  phantom  of  *  vital  action  '  had  been 
laid.  Within  the  digestive  tract  at  least  there  was  no  room 
left  for  any  *  mystery  of  life.'  But  as  time  went  on,  and 
more  was  learnt  of  the  phenomena  of  absorption  and  the 
powers  of  cells,  the  physical  theory  broke  down,  and  the 
vitalistic  theory  again  took  its  place.  The  mystery  came 
back;  and  it  had  to  be  confessed  that  here, as  elsewhere, we 
were  face  to  face  with  the  processes  of  living  matter,  definite, 
well-ordered,  and  evidently  guided  by  laws,  but  by  laws 
which  denied  themselves  to  the  modern  physiologist  with 
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chemistn-  in  one  hand  and  physics  in  the  other,  as  they  had 
tlenied  themselves  to  his  predecessor,  equipped  only  with  his 
scalpel,  his  sharp  eyes,  and  his  mother-wit.  To-day  we  have 
to  confess  that,  just  as  secretion  is  not  a  physical  filtration, 
so  absorption  is  not  osmosis.  Both  are  undoubtedly  aided 
by  osmosis,  perhaps  by  imbibition,  but  at  bottom  are  the 
work  of  cells,  and  of  cells  with  a  selective  power  which  we 
do  not  understand,  and  which  is  probably  peculiar  tolivin? 
structures.  .■\ccordingly,  we  find  that  when  the  cells  which 
line  the  intestine  are  weakened  or  destroyed,  absorption 
from  it  is  diminished  or  abolished  ;  and  that  in  their  normal 
state   they   do   not   take   up   indiscriminately   all  kinds  o( 
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diffusible  substances,  nor  absorb  those  which  they  do 
up  in  the  direct  ratio  of  their  diffusibility,  nor  do  they  rej< 
everything  which  does  not  diffuse.  Tlius  cane-sugar,  n<7* 
withstanding  its  high  diffusibility,  is  for  the  most  part  n^ 
taken  up  as  such.  Grape-sugar  is  absorbed  in  larg^^ 
amount  from  a  loop  of  intestine  than  sodium  sulphat^i 
although  the  latter  is  the  more  diffusible.  Albumin,  whicP 
does  not  pass  through  dead  animal  membranes,  is  to  4 
certain  extent  taken  up  from  a  loop  of  intestine  withoat 
change. 

But  if  it  be  true  that  the  action  of  the  columnar  epithelium  of  th« 
intestinal  mucous  membrane  is  governed  by  a  secretive  and  selective 
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power,  ihat  makes  use  of  purely  physical  processes,  but  is  noi 
mastered  by  them,  the  possibility  must  be  admitted  that  in  the  cells 
of  endothelial  type  which  line  the  serous  cavities,  the  lymphatics,  the 
bloodvessels,  the  alveoli  of  the  lungs,  and  the  Bowman's  capsules 
of  the  kidney  (p.  342),  the  element  of  secretion  is  less  marked,  and 
more  overshadowed  by  the  physical  factors.  And  it  may  very  plausibly 
be  urged  that  changes  of  considerable  physiological  complexity  can 
only  be  wrought  on  substances  that  have  to  pass  through  a  cell  of 
considerable  depth,  while  a  mere  tilm  of  protoplasm  sutlices  for,  and 
indeed  favours,  mechanical  filtration  and  diffusion.  We  have  already 
seen  (p.  202),  in  the  cast  of  the  lungs,  that  whatever  the  complete 
expbnation  may  be  of  the  gaseous  interchange  which  takes  place 
through  the  alveolar  membrane,  physical  diffusion  undoubtedly  plays 
a  certain  part.  \N'e  shall  see,  too  (p.  348),  that  in  the  case  of  the 
kidney  the  endothelium  of  the  Bowman's  capsule,  although  by  no 
means  devoid  of  selective  power,  does  seem  to  have  allotted  to  it  a 
simpler  task  than  falls  to  the  share  of  the  'rodded*  epithelium. 
Further,  it  has  been  stated  that  interchange  between  blood-serum, 
circulated  artificially  in  the  vessels  of  dogs  and  rabbits  which  have 
been  dead  for  hours,  and  liquids  introduced  into  the  peritoneal 
cavity  is  essentially  the  same  as  in  the  living  animal,  and  can  be 
explained  by  the  physical  process  of  imbibition  alone  <  Hamburger). 
Ligation  of  the  thoracic  duct  has  little  effect  on  the  fate  of  liquids 
injected  into  serous  cavities,  since  the  bloodvessels  play  the  chief  part 
in  their  absorption,  just  as  strjchnia,  when  injected  under  the  skin — 
«>.,  into  the  lymph-spaces  of  areolar  tissue -is  taken  up  by  the  blood 
and  does  not  ap|>ear  in  the  lymph.  And  if  substances  can  pass,  by 
physical  processes  alone,  from  the  serous  cavities,  which  arc  really 
expanded  lymph-spaces,  into  the  blood,  and  from  the  blood  into 
serous  cavities,  it  is  natural  to  inquire  whether  anything  else  is  con- 
cerned in  the  passage  of  the  constituents  of  the  lymph  through  the 
capillary  walls. 

Formation  of  Lymph. — The  teaching  of  Ludwig,  that  filtration  is 
the  great  factor  in  the  formation  of  lymph,  was  called  in  question  by 
Heidenhain,  whose  theory  of  secretion  at  first  bade  fair  to  totally 
supplant  the  older  view.  But  a  reaction  has  set  in.  A  zealous  band 
of  investigators  has  revived  the  old  doctrine  of  filtration.  The  battle 
is  once  more  being  fought  on  equal  terms ;  and  a  rich  harvest  of  new 
facts  and  new  ideas  has  been  the  result  of  the  controversy.  One  of 
the  strongest  arguments  in  favour  of  the  secretion  theory  has  been 
the  existence  of  substances  which,  when  injected  into  the  blood, 
increase  the  flow  of  l)'mph,  without  affecting  appreciably  the  arterial 
pressure.  Heidenhain  divides  these  so-called  /ymp/iii^i^o,^ufs  into  two 
classes  :  (i)  substances  like  i>eptone,  leech-extract,  extract  of  crayfish, 
egg-albumin,  etc.,  which  cause  not  only  an  increase  in  the  rate  of 
flow,  but  an  increase  in  the  specific  gravity  and  total  solids  of  the 
lyraph  ;  (2)  crystalloid  substances,  like  sugar,  salt,  etc.,  which  cause 
an  increased  flow  of  lymph  more  watery  than  normal.  Sunrling  has 
shown  that  although  the  lymphagogues  of  the  second  class  do  not 
raise  the  arterial  pressure,   they  do,  by  attracting  water  from  the 
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tissues  and  thus  causing  hydremic  plethora  (an  excess  of  blood  i 
low  specific  gravity),  bring  about  a  marked  rise  of  venous,  and  the 
fore,  what  is  the  important  thing  for  lymph  fiUration.  of  capillary 
pressure     The  action   of  the   first   class  of  lymphagogues,  «hicii 
cannot  be  explained  in  this  way  because  the  pressure  in  the  capillvm 
is  not  increased,  he  attributes  to  an  injurious  effect  on  the  capillary 
endothelium  (and  especially  on  the  endothelium  of  the  capllUrits  of 
the  liver,  since  nearly  the  whole  of  the  increased  lymph  flow  coraa 
from  that  organ),  which  increases  its  permeability.     Starling's  expta- 
nation  is  supported  by  various  facLs,  but  it  is  not  easy  to  distingaish 
an  increase  of  permeability   produced  by  lymphagogues  from  an 
increase  of  secretive  activity  of  the  endothelial  cells.     Hamburg, 
loo,  has  brought  forward  results  which  it  is  difficult  to  reconcile  irilh 
a  theory  of  filtration  even  for  the  second  class  of  lymphagogues,  and 
asks  how  it  is  possible  that,  through  a  purely  physical  process  of 
filtration,  liquid  should  pass  from  the  tissue-siuces  into  the  capillanes 
and  at  the  same  time  from  the  capillaries  into  the   lissuespaccs 
Further,  Heidenliain  has  shown  that  some  time  after  injection  of  a 
crystalloid  substance,  like  sugar,  into  the  blood,  a  greater  pcrcemag* 
of  the  substance  may  be  found  in  the  lymph  than  in  the  blood- 
Now,  when  a  mixture  of  crystalloids  and  colloids  is  filtered  thwugl* 
a  thin  membrane,  the  percentage  of  cr)'sialloids  in  the  filtrate  i* 
never,  at  most,  greater  than  in  the  original  liquid  (Cohnstein).    And 
although  Cohnstein  sutes  that  if  time  enough  be  allowed,  the  maxi- 
mum concentration  of  sodium  chloride  in  the  lymph,  after  intra- 
venous injection,  l)ecomes  approximately  the  same  as  the  maxnnum 
in  the  blood,  this  fact  does   not  enable  us  to  decide  against  the 
secretion  and  in  favour  of  the  filtration  hypothesis. 

It  ought  to  be  remembered  in  this  whole  discussion  that  the 
epithelium  of  ordinary  glands  derives  its  supplies  of  material  from 
the  lymph.  The  vicissitudes  of  blood-pressure  affect  it  only  in  a 
secondary  and  indirect  manner.  On  the  other  hand,  the  endothelial 
cells  which  have  to  do  with  the  formation  of  lymph  are  in  direct 
contact  with  the  blood.  And  it  is  interesting  to  observe  that  in  this 
respect  the  glomeruli  of  the  kidney  and  the  alveoli  of  the  lungs  (if  the 
endothelial  lining  of  Bowman's  capsule  and  the  alveolar  membrane 
are  assumed  to  be  complete)  take  a  middle  place  between  the  glands 
proper  and  the  quasi-glandular  capillaries. 

The  increase  m  the  quantity  of  chyle  flowing  from  the  thoracic 
duct  during  digestion  may  be,  on  the  mechanical  theory,  associated 
with  the  dibtation  of  the  intestinal  arterioles  and  the  consequent 
increase  of  blood  pressure  in  the  capillaries  of  the  splanchnic  area  in 
general,  and  of  the  liver  in  particular.  But  it  may  be  equally  well 
harmonized  with  the  doctrine  of  secretion.  In  consequence  of  the 
quickened  flow  of  lymph  the  number  of  lymphocytes  in  the  blood  is 
increased  during  digestion,  a  fact  which  ought  to  be  remembered  in 
enumerating  the  corpuscles  for  clinical  purpc^es. 

Absorption  of  Fat.^Fats  are  absorbed,  not  in  solution,  bat 
in  a  state  of  fine  division,  by  the  epithelial  cells  covering  the 


ABSO/iPT/ON. 


Hi.  and  apparently  by  them  alone.  If  an  animal  is  killed 
icring  digestion  of  a  fatty  meal,  these  cells  are  found  to 
cootain  globules  of  different  sixes,  which  stain  black  with 
osoitc  acid,  are  dissolved  out  by  ether,  leaving  vacuoles  in 
the  cell  substance,  and  are  therefore  fat  (Plate  III.,  i).  It  is 
not  known  in  what  manner  the  celts  take  up  the  emulsified  fat 
the  intestine,  but  it  certainly  passes  into  them,  and 
:  between  them.  When  fat  is  found  in  the  cement  sub- 
stance between  the  cells,  it  has  been  mechanically  squeezed 
oat  of  them  by  the  shrinking  of  the  villi  in  preparation. 
L«ucoc>ies  have  been  asserted  to  be  the  active  agents  in  the 
absorption  of  fat.  They  have  been  described  as  pushing  their 
way  between  the  epithelial  cells,  fishing,  as  it  were,  for  fatty 
pwtides  in  the  juices  of  the  intestine,  and  then  travelling 
luck  to  discharge  their  cargo  into  the  lymph.  This  view, 
[however,  is  erroneous,  and  was  based  upon  the  assumption 
hat  the  granules  in  certain  leucocytes  which  are  blackened 
cosmic  acid  were  fat,  which  is  not  the  case,  as  they  are  not 
soluble  in  ether. 

From  the  epithelial  cells  the  fat  passes  into  the  spaces  of 
ibe  network  of  adenoid  tissue  that  occupies  the  interior  of 
the  villus,  from  which  it  finds  its  way  into  the  central  lacteal, 
ptrtof  it  being  still  more  finely  divided  in  its  passage  so  as 
to  form  the  so-called   molecular  basis  of  the  chyle.     The 
jcoBtraction  of  the  smooth  muscular  fibres  of  the  villus  and 
Itte  peristaltic  movements  of  the  intestinal  walls  alter  the 
'tapocity  of  the   lacteal  chamber,  and  so  alternately  fill  it 
from  the  lymph  of  the  adenoid  reticulum,  and  empty  it  into 
the  lymphatic  vessel  with  which  it  is  connected.     By  this 
kind  of  pumping  action  the  passage  of  fat  and  other  sub- 
stances into  the  lymphatics  is  aided.     In  the  dog  no  fat  is 
absorbed    by    the    bloodvessels,    except    perhaps    a    small 
quantity  in  the  form  of  soaps;    it  nearly  all  goes  into  the 
Ikcteals,  and  thence  by  the  general  lymph  stream  through 
Nhe  thoracic  duct  into   the  blood.     And  in  man  the  chyle 
Wollected  from  a  lymphatic  fistula  contained  a  large  propor- 
tion of  the  fat  given  in  the  food   (Munk).     But   this  bare 
prtatement  would  be  misleading  if  we  did  not  add  that  the  fat 
maj/Oi  in  can  never  be  entirely  recovered  in  the  chyle  coUected 
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from  the  thoracic  duct.  A  portion  of  it  disappears,  and  its 
fate  is  unknown.  And  even  after  ligature  of  the  thoracic  duct 
a  large  proportion  of  a  meal  of  fatty  acids  is  absorbed  from 
the  intestine,  by  what  channel  is  uncertain  (Frank). 

A  dog  normally  absorbs  g — 21  per  cent,  of  the  fat  in  a 
meal  in  three  to  four  hours ;  21 — 46  per  cent,  in  seven 
hoars;  and  86  per  cent,  in  eighteen  hours  (Harley).  After 
excision  of  the  pancreas  not  only  is  the  absorption  of  fat 
abolished,  but  more  fat  can  be  recovered  from  the  intestine 
than  is  given  in  the  food.  This  at  first  sight  paradoxical 
result  is  explained  by  the  well-established  fact  that  a  certain 
amount  of  fat  is  normally  excreted  into  the  intestine. 

AbBorption  of  Water,  Salts,  and  Su^ar. — The  water,  salts, 
and  sugar  pass  normally  into  the  rootlets  of  the  portal  vein, 
not  into  the  chyle,  for  no  increase  in  the  quantity  of  these 
substances  flowing  through  the  thoracic  duct  takes  place 
during  digestion,  while  the  sugar  in  the  portal  blood  is 
increased  after  a  starchy  meal.  In  man  not  i  per  cent,  of 
the  sugar  corresponding  to  the  carbo-hydrates  of  the  food 
could  be  recovered  in  the  chyle  escaping  from  a  lymphatic 
fistula.  But  when  a  large  amount  of  a  dilute  solution  of 
sugar  is  introduced  into  the  intestine  some  of  it  is  taken  up 
by  the  lacteals. 

Abeorption  of  Proteids. — The  precise  path  taken  by  the 
proteids  remains  obscure.  Although  a  certain  amount  of 
egg-albumin,  myosin,  alkali-albumin,  and  other  proteid  sub- 
stances can  be  absorbed  as  such  by  the  smalt,  and  even  by 
the  large  intestine,  there  can  be  no  doubt  that  the  greater 
I>art  of  the  proteids  of  the  food  is  first  changed  into  peptones. 
But  peptones  are  found  neither  in  the  blood  nor  in  the 
chyle,  and,  indeed,  even  when  injected  in  smaJl  quantity 
into  the  blood  they  are  excreted  in  the  urine.  When 
injected  in  larger  amount  they  pass  also  into  the  lymph, 
from  which  they  gradually  reach  the  blood  again,  and  are 
eventually,  as  before,  eliminated  by  the  kidneys.  The  clear 
inference  is  that  they  must  be  changed  into  one  or  both  of 
the  chief  proteids  of  blood  and  chyle  (serum-albumin  and 
serum-globulin)  in  their  passage  through  the  intestinal  wall. 
Such  a  change  must  presumably  take  place  in  cells,  and  the 
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lis  in  this  locality  are  those  which  line  the 
intestine,  or  the  leucocytes  which  wander  between  them. 
Accordingly,  both  have  been  credited  with  the  power  of 
absorbing  and  transforming  peptone,  but  the  balance  of 
evidence  is  in  favour  of  the  epithelial  cells.  We  cannot, 
bottever.  as  ia  the  case  of  the  fat,  single  out  any  particular 
tracts  of  these  cells  as  alone  engaged  in  the  absorption  of 
peptone,  or.  indeed,  of  the  diffusible  substances  in  general. 
In  all  likehhood  the  cells  covering  the  villi  are  actively  con- 
cerned, but  there  is  no  valid  reason  for  denying  a  share  to 
the  general  lining  of  the  stomach  and  small  intestine,  even 
iccluding  the  LieberkOhn's  crypts,  which  morphologically 
fern  a  kind  of  inverted  villi.  It  is,  indeed,  true  that  the 
cn-pts  do  not  take  part  in  the  absorption  of  fat,  for  no  granules 
blackened  by  osmic  acid  occur  in  them  during  digestion  of  a 
Ulty  meal.  But  this  is  a  ground  for  attributing  to  them 
(Kher  absorptive  functions  rather  than  for  altogether  denying 
,  to  ihem  a  share  in  absorption,  especially  as  it  seems  un- 
BHkely  that  the  secretion  of  the  comparatively  scanty  and 
|F  relatively  unimportant  succus  entericus  should  engross  the 
'■whole  activity  of  such  an  extensive  sheet  of  cells.  Even 
the  large  intestine,  which  possesses  LieberkUhn's  crypts 
IJBtr.o  villi,  is  able  to  absorb  not  only  peptones  and  sugar, 
but  also  undigested  proteids;  and  although  these  are  powers 
^hich  can  be  rarely  exercised  in  normal  digestion,  they  form 
tbe  physiological  basis  of  the  important  method  of  treatment 
t>j-  nutrient  enemata. 

Whether  tbe   proteids  of  the   food  and   their  digested 

products  pass  directly  into  the  blood-capillaries  which  feed 

ill*:  portal  system,  or  into  the  lacteals,  or  into  both,  has 

wrdly  been  decided  as  yet  by  exact  experiments ;  but  it  is 

wghly  probable  that  at  any  rate  a  large  proportion  goes  at 

^^t  into   the   blood.     For  it  has  been  shown  that  after 

''Jature   of  the   thoracic   duct  proteid  substances   are   still 

rbed  from  the  intestine,  and  the  urea  corresponding  to 

>(ir  nitrogen   appears  in  the  urine.     And  the  proteids  in 

llw  lymph  flowing  from  a  lymphatic  fistula  in  man  were  not 

ndto  be  sensibly  increased  during  the  digestion  of  proteid 

(MunkV 
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We  may  add  to  the  proof  of  the  varied  powers  of  the  cells 
of  the  intestinal  wall  given  by  the  change  which  peptones] 
undergo  in  their  passage  through  them,  the  fact,  already] 
mentioned,  that  cane-sugar  does  not  pass  into  the  blood  asl 
such,  but  is  first  converted  into  dextrose,  even  in  the  absence' 
of  an   inverting  ferment,  and  the  remarkable  discovery  of 
Munk,  that   fatty  acids  given  by  the   mouth  appear  in  the 
lymph  of  the  thoracic  duct  as  neutral  fats,  having  somewhere 
or  other,  in  all  probability  on  their  way  through  the  epithe- 
lium of  the  gut,  been  combined  with  glycerine,  although  no 
free  glycerine  is  known  to  occur  in  the  body. 

Since,  however,  the  amount  of  neutral  fat  recovered  frotn 
the  thoracic  duct  is  not  equivalent  to  more  than  one-third  of 
the  fatty  acid  given,  it  has  been  suggested  that  this  synthesis 
of  fat  is  only  apparent,  and  that  the  whole  of  the  fat  which 
appears  in  the  chyle  after  a  meal  of  fatty  acids  comes  fron* 
the  fat  excreted  into  the  intestine  (Frank),  which  is  increased 
when  fatty  acids  are  given  by  the  mouth. 


PRACTICAL  EXERCISES  ON  CHAPTERS  IV.  AND  V. 

I.  SmllTK. — CcUecfion  and  Microscopic  ExamiuiUion  of  Saiiva, — 
Chew  a  piece  of  paraffin-wax,  or  inhale  ether  or  the  vapour  of  stxong 
acetic  acid.  The  flow  of  saliva  is  increased.  Collect  it  in  a  porcelain 
capsule.  Examine  a  drop  under  the  microscope.  It  may  contain  a 
few  flat  epithelial  scales  from  the  mouth  and  a  few  round  granular 
bodies,  the  salivary  corpuscles,  the  granules  in  which  often  show  i 
lively,  dancing  movement  (Brownian  motion).  Filter  the  saliva  to 
free  it  from  air-bubbles,  and  perform  the  following  experiments : 

{a)  Test  the  reaction  with  litmus  paper.  It  is  usually  alkaline. 
An  acid  reaction  may  indicate  tliat  bacterial  processes  are  abnormally 
active  in  the  mouth. 

{p)  Add  dilute  acetic  acid.  A  precipitate  indicates  the  presence  of 
mucin  (p.  249).    Filter. 

{<)  Add  a  drop  or  two  of  silver  nin'ate  solution.  A  precipitate 
soluble  in  ammonia,  insoluble  in  nitric  acid,  proves  that  chlorides 
are  present. 

{d)  Add  to  another  portion  a  few  drops  of  dilute  ferric  chloride, 
and  the  same  quantity  to  as  much  distilled  water  in  a  control  test- 
lube  A  red  coloration  is  obtained,  due  to  the  presence  of  potassium 
sulpho  cyanide  (KCNS).  The  colour  is  discharged  by  mercuric 
chloride.  This  reaction  is  not  given  by  the  saliva  of  mo&t  animals, 
nor  by  that  of  some  men. 
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(<r)  To  the  filtrate  from  ib)  add  Millon's  reagent.  A  red  coloration 
or  precipitate  shows  that  proteid  is  present. 

(/)  Take  some  boiled  starch  mucilage,  and  test  it  for  reducing 
sugar  by  Tromnier's  test.  If  no  sugar  is  found,  take  three  test-tubes, 
label  them  A,  B,  and  C,  and  nearly  half  fill  each  with  the  boiled 
starch.  To  A  add  a  little  saliva,  to  B  some  saliva  which  has  been 
boiled,  to  C  an  equal  volume  of  o"4  per  cent  hydrochloric  acid  and 
a  little  saliva  which  has  been  neutralized,  so  as  to  make  the  strength 
of  the  acid  in  the  mixture  02  per  cent.,  or  the  same  as  that  of  the 
gastric  juice.  Put  the  test-tubes  into  a  watcrbath  at  about  40'  C. 
In  a  few  minutes  test  the  contents  for  reducing  sugar.  Abundance 
will  be  found  in  A.  none  in  B,  httle,  if  any,  in  C.  In  B  the  ferment 
pivalin  has  been  destroyed  by  boiling  ;  in  C  its  action  has  been  in- 
hibited by  the  acid.  If  the  test-tubes  have  been  left  long  enough  in 
the  bath,  no  blue  colour  wiH  be  given  by  A  on  the  addition  of 
icxiinc,  but  a  strong  blue  colour  by  B  and  C  ;  />.,  the  starch  will 
have  completely  disappeared  from  A. 

Tronumrs  Ttit for  reducing  Su^aK—To  the  liquid  to  be  tested 
add  a  drop  or  two  of  dilute  cupric  sulphate,  and  then  excess  of 
caustic  soda,  and  boil.  The  blue  colour  of  the  cupric  hydrate  gives 
place  to  a  yellow  or  red  (cuprous  hydrate  or  oxide)  if  reducing  sugar 
be  present. 

Phifiyl'kydrazine  Test. — See  p.  370. 

{g)  Put  some  starch  in  a  test-tube,  add  a  little  saliva,  and  hold  in 
the  hand  or  place  in  a  bath  at  40'  C  On  a  porcelain  slab  place 
several  separate  drops  of  dilute  iodine  solution.  With  a  glass  rod 
add  a  drop  of  the  mixture  in  the  test-tube  to  one  of  the  drops  of 
iodine  at  intervals  as  digestion  goes  on.  At  first  only  the  blue  colour 
given  by  starch  will  be  seen  ;  a  little  later  a  violet  colour,  due  10  the 
presence  of  erythrodextrin  in  addition  to  some  unaltered  starch  ;  a 
little  later  the  colour  will  be  reddish,  the  starch  having  disappeared, 
and  the  crj-ihrodcxtrin  reaction  being  no  longer  obscured  ;  later  still 
no  colour  reaction  will  be  obtained,  the  erythrodextrin  having  under- 
gone further  changes,  and  only  sugar  (maltose,  isomaltose.  and 
perhaps  a  trace  of  dextrose)  and  achroodexihn — a  kind  of  dextrin 
which  gives  no  colour  with  iodine — being  present. 

(A)  Put  a  little  distilled  water  in  a  porcelain  capsule,  and  bring  the 
water  to  the  boil.  Now  put  into  the  mouth  some  boiled  starch 
paste,  and  move  it  about  as  in  mastication.  After  half  a  minute  spit 
the  starch  out  into  the  boiling  water.  Divide  the  water  into  two 
portions.  Test  one  for  sugar,  and  the  other  for  starch.  Repeat  the 
experiment,  but  keep  the  starch  two  minutes  in  the  mouth.  Report 
the  result. 

(f)  Starch  solution  to  which  saliva  has  been  added  is  placed  in  a 
dialyscr  tube  of  parchment  paper  for  twenty-four  hours.  At  the  end 
of  that  time  the  dialysate  (the  surrounding  water)  should  be  tested 
for  sugar  and  for  starch.  Sugar  will  probably  be  found,  but  no 
starch.  If  no  reaction  for  sugar  is  obtained,  the  dialysate  should  be 
concentrated  on  the  water-bath,  and  again  tested. 

(J)  Stimulation  of  tfu  Chorda  7)7/;/(i/«.— Having  previously  studied 
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the  anatomy  of  the  mouth  and  subnuuiUary  region  io 
dissecting  a  dead   animal,   put   a  good-6ued   dog   under  m 
(p.  1 50).   Set  up  an  induction -machine  for  a  tetanizing  current  (p.  1 49). 
Fasten  the  dog  on  the  bolder,  give  ether  if  neccssaiyr  and  itisert 
a  cannula  in  the  trachea  (p.  x^iy    Then  make  an  incision  thne 
or  four  inches  long,  through  skin  and  platysma  muscle,  along  the 
inner  border  of  the  lower  jaw.     Ligature  doubly  and  divide  sudi 
branches   of  the  jugular  vein  as  come   in  the  way,  except  those 
belonging  to  the  submaxillar}'  gland.     Keel  for  the  facial  arter)',  !0 
as  to  be  able  to  avoid  it.     Divide  the  digastric  muscle  about  its 
anterior  third,  and  clear  it  carefully  from  its  attachments,  in  order 
to  expose  the  submaxillary  and  sublingual  ducts  with  the  accom- 
panying nerves.     Now  '  ligature  the  lingual  nerve  before  it  enten  the 
tongue,  cut  it  peripherally  to  the  ligature ;  then  sci^utrate  it  and  the 
chorda  tympani  from  the  surrounding  tissue,'  and  cut  the  chordi>- 
hngual  nen.e(Fig.  85,  p.  286)  *  centrally  lo  thf  point  where  the  chorda 
is  given  off'  (Langley).     Then  insert  a  suitable  glass  cannula  with  a 
rectangular  elbow  into  the  submaxillary  duct,  just  as  if  it  were  a 
bloodvessel  (p.  4.s)-     On  stimulating  the  chorda,  the  flow  of  sal"** 
through  the  cannula  will  be  increased.     It  may  be  collected,  ind 
the  e:<perlmt:nis  already  made  with  human  saliva  repealed.     If  the 
experiment   is   successful,   finish   by  stimulating   the  nerve  to  e»>' 
haustion.      Then    harden    both    submaxillar)*    glands    in    absolute 
alcohol,  make  sections,  stain  with  carmine  and  compare  ihcm. 

2.  Oastric  Juice — <u)  Prtparaiion  of  Artifiaal  Gastric  Juiit.-^ 
Take  a  portion  of  the  pig's  stomach  provided,  strip  off  the  mucot»* 
membrane  (except  that  of  the  pyloric  end),  cut  it  into  small  pico^^ 
with  scissors,  and  put  it  in  a  bottle  with  fifty  times  its  weight  O^ 
02  per  cent,  hydrochloric  acid.     Label  and  put  in  bath  at  4c'  C-  i^^ 
twelve  hours.     Then  tilter. 

(^)  Take  another  portion  of  the  mucous  membrane,  cut  it  \x\X<T 
pieces,  and  rub  up  with  clean  sand  in  a  mortar     Then  put  it  in  a 
small  bottle,  cover  it  with  glycerine,  label,  and  set  aside  for  two  or 
three  days.     The  glycerine  extracts  the  pepsin. 

(f)  Take  five  test-tubes,  A,  B,  C,  D,  E,  and  in  each  put  a  little 
washed  and  boiled  fibrin.  To  A  add  a  few  drops  of  gl>-cerine 
extract  of  pig's  stomach,  and  fill  up  the  test-tube  with  02  per  cent, 
hydrochloric  acid.  To  H  add  glycerine  extract  and  distilled  water ; 
10  C  glycerine  extract  and  i  per  cent,  sodium  carbonate  ;  to  I> 
o'2  per  cent,  hydrochloric  acid  alone  ;  to  E  glycerine  extract  which 
has  been  boiled  and  02  per  cent,  hydrochloric  acid. 

Put  up  another  set  of  five  test-tubes  in  the  same  way,  except  that  a 
few  drops  of  a  watery  solution  of  a  commercial  pepsin  is  substituted 
for  the  glyrerine  extract.     Label  them  A',  U',  C,  D',  E'. 

Into  another  test-tube  put  a  little  fibrin,  and  fill  up  with  the 
filtered  acid  extract  from  {«).  Label  it  F.  Place  all  the  test-tuba 
in  a  tumbler,  and  set  them  in  a  water  bath  at  40'  C. 

After  a  time  the  fibrin  will  have  almost  completely  disappeared  in 
•V  A',  and  1',  but  not  in  the  other  test-tubes.  Filter  the  contents  of 
A,  A',  and  F. 
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{d)  Test  ihe  filtrate  for  the  products  of  gastric  digesiion  : 

(o)  Neutralize    a    portion    carefully   with  dilute    sodium 
hydrate.      A   precipitate  of  acid-albumin    may   be 
thrown  down.     Filler. 
(j9)  To  a  ])ortion  of  the  filtrate   from  («)  add  excess  of 
sodium  hydrate  and  a  drop  or  two  of  rvrv  dilute 
copper   sulphate.      A    rose    colour    indicates    the 
presence   of   proteoses   or    peptones.     The   cupric 
sulphate  must  be  very  cautiously  added,  because  an 
excess  gives  a  violet  colour,  and  thus  obscures  the 
rose   reaction.     If  still    more   cupric    sulphate   be 
added,   blue  cupric  hydraie  is   thrown  down,  and 
nothing  can  be  inferred  as  to  the  presence  or  the 
nature  of  proteids  in  the  liquid. 
(y)  Heat  another  portion  of  the  filtrate  from  (a)  to  30°  C, 
and  add  crystals  of  ammonium  sulphate  to  satura- 
tion.   A  precipitate  of  proteoses  (albumoses)  may  be 
obtained.     Filter  off. 
(5)   Add  to  the  filtrate  from  (7)  a  trace  of  cupric  sulphate 
and  excess  of  sodium  hydrate.     A  rose  colour  in- 
dicates that  peptones  are  present.     More    sodium 
hydrate  must  be  added  than  is  sufficient  to  drive  off 
all  the  ammonia  of  the  ammonium  sulphate,  for  the 
biuret  reaction  requires  the  presence  of  free  alkali. 
A    strong   solution  of  the   sodium  hydrate  should 
therefore  be  used,  or  the  stick  caustic  soda. 
{e)  To  some  milk  in  a  test-tube  add  a  drop  or  two  of  rennet 
extract,  and  place  in  a  bath  at  40'  C.     In  a  short  time  the  milk  is 
curdled  by  the  rennia 

(/)  To  obtain  Normal  Chyme. — Etherize  a  dog  one  and  a  half  hours 
after  a  meal,  and  fasten  it  on  a  holder.  Take  a  stomach-tube  or 
large  flexible  catheter,  and  measure  how  far  it  must  pass  down  from 
the  mouth  in  order  to  reach  the  stomach.  Put  a  mark  at  this  point. 
Moisten  the  tube  with  water  or  a  small  quantity  of  vaseline,  and  push 
it  steadily  but  gently  down  the  oesophagus.  If  it  is  stopped  before 
the  mark  is  reached,  its  passage  must  be  resisted  by  the  tonic  con- 
traction of  the  cardiac  sphincter  of  the  stomach  (the  lower  part  of 
the  (esophagus).  Push  the  tube  steadily  on,  and  this  will  yield. 
Then,  if  no  liquid  issues,  make  firm  pressure  on  the  abdomen,  or 
attach  a  large  syringe  to  the  lube,  and  suck  Che  contents  of  the 
stomach  up. 

(/)  To  obtain  Pure  Gaitric  Juice. — Put 
a  fasting  dog  under  ether,  and  fasten  on 
the  holder.  Clip  the  hair  and  shave  the 
skin  in  the  middle  line  below  thestenium. 
Make  a  longitudinal  incision  through  the 
skin  and   subcutaneous   tissue  from   the 

xiphoid  cartilage  downwards  for  3   or  4   p,^.  ,,_3Tm.ACH<:AN«;LA. 

mcbes.     The  hnea  alba  wul  now  be  seen 

as  a  white  mesial  streak.     Open  the  abdomen  by  an  incision  through 
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it  Pull  over  the  stomach  towards  the  right,  slitcii  it  to  theabdomina 
wall,  open  it,  and  insert  a  stomach-cannula  (Fig.  gr).  By  mechani- 
cally stimulating  the  mucous  membrane  of  the  siomach  with  a  feather, 
or  by  the  introduction  of  pieces  of  indiarubber,  a  flow  of  gastric 
juicL*  can  be  caused. 

(A)  Test  the  proteolytic  and  milk-curdling  powers  of  the  filtrate 
from  the  chyme  obtained  in  {/),  and  of  the  pure  juice  obtained  in 
(g).  Both  will  dissolve  fibrin,  but  probably  neither  will  curdle  milk 
when  neutralized.  For  the  gastric  juice  of  many  animals  contains 
no  rennin,  although  the  fully-formed  ferment  or  its  zymogen  may  be 
present  in  the  gastric  mucous  membrane.  Examine  a  drop  of  the 
unfiltered  chyme  under  the  microscope.  Partially  digested  fragments 
of  food  will  be  seen — muscular  fibres,  if  meat  has  been  given,  or 
vegetable  cells  or  milk  globules.    Filter,  and  proceed  as  in  2  {</)• 

3.  Pancreatic  Juice. — {n)  Take  a  piece  of  the  pancreas  of  an  ox 
or  dog  which  has  been  kept  twenty-four  hours  at  the  temperature  of 
the  laboratory,  and  make  a  glycerine  extract  in  the  same  way  as  in 
the  case  of  the  pig's  stomach  (2,  b).  Put  in  a  small  bottle,  and  set 
aside  for  a  day  or  two. 

{b)  Put  a  little  fibrin  into  each  of  six  test-tubes.  A,  B,  C,  D,  E,  F. 
To  A  add  a  few  drops  of  glycerine  extract  of  pancreas,  and  fill  up 
with  I  per  cent,  sodium  carbonate  solution  ;  to  B  add  glycerine 
extract  and  distilled  water ;  to  C  glycerine  extract  and  excess  of 
o-i  percent,  hydrochloric  acid  ;  to  D  i  percent,  sodium  carbonate 
alone  ;  to  E  i  per  cent,  sodium  carbonate  in  which  a  few  drops 
of  glycerine  extract  of  pancreas  has  been  previously  boiled ;  to  F 
glycerine  extract  and  excess  of  04  per  cent,  hydrochloric  acid. 

Set  up  six  test  tubes,  :\\  B',  C,  D*,  E',  F',  in  the  same  way,  but 
substitute  a  few  drops  of  a  solution  of  commercial  pancreatin  for  the 
glycerine  extract.  Put  all  the  test-tubes  in  a  tumbler,  and  place  in  a 
bath  at  40'  C.  The  fibrin  will  be  gradually  eaten  away  in  A  and  .\' 
by  the  action  of  the  trypsin,  but  will  not  swell  up  or  become  clear 
before  disappearing,  as  it  does  in  dilute  hydrochloric  acid  with 
glycerine  extract  of  stomach.  Filter  the  contents  of  these  test-tubes. 
Neutralize  the  filtrate  with  dilute  acid  ;  a  precipitate  will  consist  of 
alkali-albumin.  If  such  a  precipitate  is  obtained,  fiher  it  off  and  lest 
the  filtrate  for  proteoses  and  peptones  as  in  2  (i/).  p-  325.  Digestion 
will  also  have  taken  place  in  C  and  C,  but  not  in  the  other  test- 
tubes  (pp.  259,  307). 

(t")  Leucin  and  Tyrosin. — If  pancreatic  digestion  be  allowed  to  go 
on  for  some  time,  [>art  of  the  peptone  first  formed  may  be  broken  up 
intoleucin  and  tyrosin.  If  the  'digest'  be  neutralized  to  separate 
alkali  albumin,  then  filtered,  and  the  filtrate  concentrated  and  allowed 
to  stand,  a  crop  of  tyrosin  crjstals  will  separate  out,  since  tyrosin  is 
only  slightly  soluble  in  watery  solutions  of  neutral  salts.  These 
crystals  having  been  filtered  off,  the  proteoses  (alhumoses)  and 
peptones  can  I>e  precipitated  together  t)y  alcohol,  and  afterwards 
separated,  if  that  is  desired,  by  redissolving  the  precipitate  in  water 
and  throwing  down  the  proteoses  by  saturation  with  ammonium 
sulphate.     The  alcoholic  filtrate  will  contain  any  leucin  that  may  be 
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present,  since  that  body  is  moderately  soluble  in  alcohol,  as  well  as 
traces  of  tyrosin,  which,  however,  is  much  less  soluble  in  this  medium. 
On  concentralion,  crystals  of  both  substances  will  be  obtained. 
Tyrosin  crystallizes  characierislically  from  animal  liquids  in  beautiful 
silky  needles  united  into  sheaves,  leucin  in  the  form  of  indistinct 
fatty-looking  balls,  often  marked  with  radial  strix  and  coloured  with 
pigment  (Figs.  99  and  100,  p.  340). 

(«/)  Add  a  few  drops  of  the  glycerine  extract  to  a  test-tube  con- 
taining starch  mucilage,  which  has  been  previously  found  free 
from  reducing  sugar.  Put  in  a  bath  at  40'  C.  After  a  short  time 
abundance  of  reducing  sugar  will  be  found,  owing  to  the  action  of 
the  ferment,  amylopsin. 

(r)  To  obtain  AWma/  Pancreatic  Juice. — Give  a  rabbit  \  grm. 
chloral  hydrate  per  rectum.  Put  on  a  holder.  Open  the  abdominal 
cavity  by  an  incision  in  the  linea  alba  2J  inches  long.  Pull  the 
duodenum,  which  will  be  found  in  the  right  hypochondrium,  through 
the  wound,  and  follow  it  down  till  its  mesentery  prevents  it  from 
coming  out  any  farther.  Here  the  pancreatic  duct  will  be  found. 
*  Resect  two  inches  of  the  intestine  at  this  point,  leaving  the 
mesenteric  attachment,  tie  the  cut  ends  of  the  intestine  above  and 
below,  and  drop  them  in  the  cavity,  bringing  the  resected  portion 
through  the  wound'  Open  the  resected  piece  of  intestine  opposite 
the  mesenteric  attachment,  and  spread  it  out  on  the  abdominal  wall. 
Clamp  the  ends  to  stop  hemorrhage.  Push  into  the  pancreatic  duct 
a  small  glass  cannula  through  the  papilla  on  which  the  duct  opens. 
The  juice  begins  to  flow  immediately,  and  the  flow  lasts  four  to  six 
hours,  although  it  is  slow,  and  only  a  comparatively  small  quantity 
can  be  collected.  The  exposed  intestine  must  be  kept  moist  by 
pads  of  cotton-wool  soaked  in  normal  saline  ( Kacbford).  The 
animal  muse  be  killed  as  soon  as  the  flow  has  ceased.  The  juice  has 
an  alkaline  reaction. 

(/)  With  the  juice  so  obtained  perform  the  following  experiments 
to  demonstrate  its  fat  splitting  action  :  Shake  a  little  of  it  with  neutral 
oHve*oil ;  the  oil  becomes  acid  owing  to  the  formation  of  fatty 
acid.  Take  with  a  pi|>ette  a  drop  of  the  oil  from  the  surface  of  the 
mixture  of  oil  and  pancreatic  juice,  and  put  it  on  a  i  per  cent, 
solution  of  sodium  carbonate  in  a  watch-glass.  An  emulsion  is 
formed.  Sodium  carbonate  and  neutral  olive-oil  do  not  form  an 
emulsion  ;  some  fatty  acid  must  be  present 

4.  Bile. — {a)  Test  the  reaction  of  ox  bile.     It  is  alkaline. 

ijb)  Add  dilute  acetic  acid.  A  precipitate  of  bile-mucin  (really 
nucleo-albumin)  falls  down.  Some  of  the  bile-pigment  is  also  pre- 
cipitated.    Filter. 

(f)  Dilute  the  filtrate  from  {^).  Put  a  little  of  it  into  a  porcelain 
capsule,  add  a  few  drops  of  strong  sulphuric  acid,  and  a  drop  or  two 
of  a  dilute  solution  of  cane-sugar.  A  purple  colour  appearing  at 
once,  or  after  gentle  heating,  shows  the  presence  of  bile-acids  {Pet- 
tenkofer's  reaction).  Llxainine  the  purple  liquid  in  a  test  tube  with  a 
spectroscope  (p  49).  Two  absorption  Iwnds  are  seen,  one  between 
I)  and  E,  the  other  between  E  and  E. 


Fig.  9a.— Choi. est  Ek  in 
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[d]  Add  yellow  nitric  acid  (containing  nitrous  acid)  to  a  little  bile 
on  a  while  porcelain -slab.  A  play  of  colours,  beginning  with  green 
and  running  through  blue  to  yellow  and  yellowish-brown,  indicates 
the  presence  of  bile-pigment  (Gmelin's  reaction). 

(<r)  ChoUsterin  (Fig.  92).  Preparation. — Extract  a  powdered  gall- 
stone (preferably  a  white  one)  with  hot  alcohol 
and  ether  in  a  test-tube.  Heat  the-test  tube  in 
warm  water.  Put  a  drop  of  the  extract  on  a 
slide.  F!atcr}stalsof  cholesterin,  often  chipped 
at  the  corners,  separate  out.  Carefully  allow  a 
drop  of  strong  sulphuric  acid  and  a  drop  of 
dilute  iodine  to  run  under  the  cover-glass.  A 
play  of  colours — violet,  blue,  green,  red — is 
seen. 

Evaporate  a  drop  of  the  solution  of  choles- 
tcrin  in  a  small  porcelain  capsule,  add  a  drop  of 
strong  nitric  acid,  and  heat  gently  over  a  flame. 
A  yellow  stain  is  left,  which  becomes  red  when  a  drop  of  ammonia 
is  poured  on  it  while  it  is  still  warm. 

{/)  Prcpuration  of  Bih  Salts  from  Bile. — Evaporate  bile  to  a 
small  bulk,  mix  the  residue  with  animal  charcoal,  dry  to  a  paste  at 
100°  C.  extract  with  absolute  alcohol,  and  precipitate  the  solution 
with  ether.  The  bilesalts  separate  as  a  mass  of  needle-shaped 
crystals,  often  in  sheaf-like  bundles.  On  dissolving  the  crystals  in 
water,  and  adding  dilute  sulphuric  acid  to  displace  the  bile-acids,  the 
latter  are  precipitated  as  crj'stalline  needles. 

{g)  To  demonstrate  the  Presence  of  Iron  in  the  Liver  Ceils. — Steep 
sections  of  liver  in  a  solution  of  potassium  ferrocyanide,  and  then  in 
dilute  hydrochloric  acid.  They  become  bluish  from  the  formation 
of  Prussian  blue.  Mount  in  glycerine  or  Farrant's  solution.  Blue 
granules  may  be  seen  under  the  microscope  in  some  of  the  hepatic 
cells. 

[h)  To  some  starch,  shown  to  be  free  from  sugar,  add  a  little  bile, 
and  place  in  a  bath  at  40°.  After  a  time  test  for  reducing  sugar. 
Report  the  resuk. 

5.  UicroBcopical  ExamiiuLtlon  of  PEecei. — Examine  under  the 
microscope  the  slides  provided.  Draw,  and  as  far  as  possible  deter- 
mine the  nature  of,  the  objects  seen  (p.  311). 

6.  Absorption  of  Fat. — Feed  a  rat  or  frog  with  fatty  food  ;  kill  the 
rat  in  three  or  four  hours,  the  frog  in  two  or  three  days.  Strip  off 
tiny  pieces  of  the  mucous  membrane  of  the  small  intestine^  and 
steep  them  in  J  per  cent,  solution  of  osmic  acid  for  forty-eight  hours. 
Then  tease  fragments  of  the  mucous  membrane  in  glycerine,  take  off 
the  glycerine  with  blotting-paper,  mount  in  Farrant,  and  examine 
under  the  microscope.  Other  portions  of  the  mucous  membrane  may 
l>e  hardened  for  a  fortnight  in  a  mixture  of  two  parts  of  MuUer's  fluid 
and  one  part  of  a  1  per  cent,  solution  of  osmic  acid.  Sections  are 
then  made  with  a  freezing  microtome  after  embedding  in  gum.  No 
process  must  be  used  by  which  the  fat  would  be  dissolved  out 
(Schiifer).     Celloidin  is  inadmissible. 
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:.  rime  required  for  Difestion  and  Absorption  of  various  Food 
SahBUncM. — ( j )  Feed  a  dog  which  hns  prc\'iously  fasted  for  24  hours 
With  a  meal  cnnuining  starch,  mitk  and  meal.  After  an  hour  and  a 
Itttf  put  it  lightly  under  cihcr,  partially  evacuate  the  stomach  as  in 
«(/),  p.  325.  and  perform  the  following  experimenis ; 

(tf)  Examine  a  drop  of  the  chyme  under  (he  microscope,  and  see 
vfaether  any  fat  globules,  muscular  hbres  or  starch  granules  can  be 
ncognised. 
(^)  Apply  the  tests  given  in  2  (^,  p.  325,  to  the  filtrate,  and  in 

t  Addition  test  for  reducing  sugar. 
(**)  In  five  hours  from  the  beginning  of  the  meal,  or  a  little  more  if 
tbc  animal  has  been  sick  after  the  ether,  pass  the  tube  again  and 
empty  the  stomach  completely.  If  it  contains  no  liquid,  attach  a 
ftmnel  to  the  tube  and  fill  the  stomach  with  water.  The  water  is 
lOoved  to  escape  after  a  few  minutes,  and  tested  as  in  (^). 

\i\  Feed  a  dog,  after  a  24  hours'  fast,  with  starch  (proved  to  be  free 

from  sugar),  seasoned  with  salt  and  made  up  with  a    little  lard  or 

|nvy.    In  20  minutes  evacuate  the  stomach,  test  for  reducing  sugar 

and  for  starch,  and  examine  the  liquid  under  the  microscope  for 

^■ftttch  granules. 

H  (3^  Feed  a  dog,  cat,  or  white  rat,  kept  without  food  for  24  hours, 
vith  a  meal  containing  fat  and  a  weif^hed  amount  of  cane  sugar. 
After  three  or  four  hours  put  the  animal  under  ether,  open  the 
»bdoraen  in  the  linea  alba,  lift  a  loop  of  the  small  intestine  gently  up 
adobser^-e  the  lacteals  in  the  mesentery.  Now  kill  the  animal,  tie 
Ibe  tesophagus,  place  double  ligatures  on  the  pyloric  end  of  the 
sooach  and  the  lower  end  of  the  small  intestine,  and  divide  between 
4em.  Cut  out  the  stomach  and  intestine ;  wash  their  contents  into 
Kpttile  vessels;  examine  microscopically  for  fat ;  test  for  reducing 
agar  after  filtration,  and  if  any  is  present  estimate  its  amount  in 
•  measured  or  weighed  quantity  of  the  liquid  by  titration  with 
fehling's  solution  (p.  370).  Then  boil  an  equal  quantity  of  the 
^Mjuid  with  one-twentieth  of  its  volume  <ii  hydrochloric  acid,  and 
^^n  estimate  the  reducing  power.  If  this  is  markedly  greater  than 
wfote,some  cane-sugar,  which  had  escaped  'inversion,'  must  have 
^ri  present.  From  the  alteration  in  reducing  power  the  amount  of 
unchanged  cane-sugar,  if  any,  could  be  calcubted. 

S.  Time  required  for  Food  to  pass  throtigh  tbe  Alimentary 
*^uL— Feed  a  dog  with  Iwnes.  Keep  in  a  special  cage,  and 
observe  how  long  it  takes  before  the  easily-recognised  while  bonc- 
^  appear. 


We  have  now  followed  the  ingoing  tide  of  gaseous,  liquid 
and  solid  substances  within  the  physiological  surface  of  the 
body.  There  we  leave  thern  for  the  present,  and  turn  to  the 
consideration  of  the  channels  of  outflow,  and  the  waste 
products  which  pass  along  them.  In  a  body  which  is 
neither  increasing  nor  diminishing  in  mass  the  outflow  must 
exactly  balance  the  inflow;  all  that  enters  the  body  must 
sooner  or  later,  in  however  changed  a  form,  escape  from  it 
again.  In  the  expired  air,  the  urine,  the  secretions  of  the 
skin,  and  the  fzeccs,  by  far  the  greater  part  of  the  waste  pro- 
ducts is  eliminated.  Thus  the  carbon  of  the  absorbed  solids 
of  the  food  is  chiefly  given  off  as  carbonic  acid  by  the  lungs  ; 
the  hydrogen,  as  water  by  the  kidneys,  lungs  and  skin,  along 
with  the  unchanged  water  of  the  food  ;  the  nitrogen,  as  urea 
by  the  kidneys.  The  fseces  represent  chiefly  unabsorbed 
portions  of  the  food,  A  small  and  variable  contribution  is 
that  of  the  expectorated  matter,  and  the  secretions  of  the 
nasal  mucous  membrane  and  lachrymal  glands.  Still  smaller 
and  still  more  variable  is  the  loss  in  the  form  of  dead 
epidermic  scales,  hairs  and  nails.  The  discharges  from  the 
generative  organs  are  to  be  considered  as  excretions  with 
reference  to  the  parent  organism,  and  so  is  the  milk,  and 
even  the  foetus  itself,  with  respect  to  the  mother. 

Excretion  by  the  lungs  and  in  the  fsces  has  been  already 
dealt  with.  All  that  is  necessary  to  be  said  of  the  expectora- 
tion and  the  nasal  and  lachrymal  discharges  is  that  the 
first  two  generally  contain  a  good  deal  of  mucin,  and  are 
produced  in  small  mucous  and  serous  glands,  the  cells  of 
which  are  of  the  same  general  type  as  those  of  the  mucous 
and  serous  salivary  glands.  The  lachrymal  glands  are 
serous  like  the  parotid  ;  and  the  tears  secreted  by  them 
contain  some  albumin  and  salts,  but  little  or  no  mucin.  The 
sexual  secretions  and  milk  will  be  best  considered  under 
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"production  (Chap.  XI\'.),  so  that  there  remBm  only  the 
unneand  the  secretions  of  the  skin  to  be  treated  here. 


I.  Excretion  by  the  Kidney*. 

Th«  Chemistry   of   the   Urine.  —  Normal   urine   is   a   clear 

)ieilo«-  liquid  of  acid  reaction,  and  with  an  average  specific 

^Wt}*  of  about  1020,  the  usual  limits  being  1015  and  1025, 

aithoagh  when  water  is  taken  in  large   quantities,  or  long 

withheld,  the  specific  gravity  may  fall  to  1005,  or  even  less, 

or  rise  to  1035,  or  even  more.     The   quantity   passed   in 

twenty-four    hours    is    very    variable,    and    is    especially 

dependent  J%tl^  aetivity  of  the  sweat-glands,  being,  as  a 

rule,  g^felin  summer  when  the  skin  sweats  much,  than 

in  winter  when  it  sweats  little.     The  average  quantity  for 

an  adult  male  is  about  1500  cc.  (say,  50  oz.). 

Composition  of  Urine. — It  is  essentially  a  solution  of  urea 
and  inorganic  salts,  the  proportion  of  the  latter  being  about 
I '5  per  cent.,  or  double  the  usual  amount  in  physiological 
solids  and  liquids.  Besides  urea,  there  are  other  nitrogenous 
bodies  in  much  smaller  quantity,  such  as  uric  acid,  hippuric 
acid,  and  kreatinin.  Some  of  these  at  least  are  products  of 
the  metabolism  of  proieids  within  the  tissues,  and  besides 
the  inorganic  salts  there  are  certain  organic  bodies — indol, 
phenol,  pvTokatechin,  skatol — united  with  sulphuric  acid, 
which  are  primirij)'  derived  from  the  products  of  the  putre- 
£u:tion  of  protcids "Within  the  digestive  tube.  In  tabular 
form  the  composition  of  urine,  and  the  total  excretion  by  an 
average  man  of  70  kilos,  may  be  given  thus : 

In  34  hours. 
1440  grammes. 
60-65      „ 
35      \ 

°^M-3775  grammes. 
1-5  ) 

07S     ^ 

075  [-16*$  grammes. 


Water 

Solids 

Urea      - 

Uric  acid           -  A 

Hippuric  acid    -  -f 

Kreatinin           -  - ) 

Sodium  "I 

Ammonia           -  - 1 
Calcium  and  magnesium  J 

Chlorine            -  - 1 

Phosphotic  acid  -| 

Sulphuric  acid  •  •) 
Mucus,  p'tgmeat,  etc. 
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The  acidity  of  urine  is  not  due  to  free  acid,  for  the  tests  which 
reveal  the  presence  of  free  acid  in  a  mixture,  such  as  the  precipitation 
of  sulphur  on  the  addition  of  sodium  hyposulphite,  and  the  change 
of  colour  of  many  organic  substances,  give  a  negative  result  when 
applied  to  urine.  The  acidity  is  chiefly  due  to  the  acid  jihosphates 
of  sodium  and  potassium  ;  in  a  less  degree  to  dissolved  carbonic 
acid.  The  acidity  is  estimated  by  running  into  a  given  quantity  of 
urine  a  dilute  solution  of  caustic  soda,  which  has  been  previously 
titrated  xvith  a  pure  acid  solution  (say,  oxalic  acid)  of  known  strength, 
until  a  neutral  reaction  is  just  obtained.  From  the  amount  of 
caustic  soda  required  the  acidity  can  be  calculated  in  terms  of  the 
standard  acid.  Normally  the  acidity  of  urine  is  about  equal  to  thai 
of  a  o'l  per  cent,  solution  of  sulphuric  acid.  It  diminishes  dis- 
tinctly, or  even  gives  place  to  alkalinity,  during  digestion  when  the 
acid  of  the  gastric  juice  is  being  secreted,  and  rises  and  falls  with  the 
quantity  of  vegetable  food  in  the  diet.  The  urine  of  herbivora  is 
alkaline,  and  turbid  from  precipitated  carbonates  and  phosphates  of 
earthy  bases,  while  that  of  carnivora  and  of  fasting  herbivora,  which 
arc  living  on  their  own  tissues,  is  strongly  acid  and  clear.     Normal 


Fig.  93-— L'ric  AC!D. 


KiG.  94.— Calcium  Oxal.\tk. 


human  urine  may  deposit  urates  soon  after  discharge,  as  they  are 
more  soluble  in  warm  than  in  cold  water.  They  carry  down  some  of 
the  pigment,  and  therefore  usually  appear  as  a  pink  or  brick-red 
sediment.  When  urine  is  allowed  to  stand  after  being  voided,  what 
is  generally  described  as  *  acid  fermentation '  occurs.  The  acidity 
gradually  increases,  owing  apparently  to  the  formation  of  lactic  acid ; 
acid  sodium  urate  is  produced  from  the  neutral  urate,  and  comes  down 
in  the  form  of  amorphous  granules,  while  the  liberated  uric  acid  is 
deposited  often  in  *  whetstone  '  cr)'Stals,  coloured  yellow  by  the  pigment 
<Fig.  93;  Plate  IV.,  i).  Calcium  oxalate  may  also  be  thrown  down 
as  '  envelope,'  a,  f>,  or,  less  frequently,  *  sand-glass  *  crystals,  c  (Fig.  941. 
If  the  urine  is  allowed  to  stand  for  a  few  days,  especially  in  a  warm 
place,  or  in  a  place  where  urine  is  decomposing,  the  reaction  becomes 
ultimately  strongly  alkahne,  owing  to  the  formation  of  ammonium 
carbonate  from  urea  by  the  action  of  micro-organisms  (Micrococcus 
ureae,  Bacterium  ureae,  and  others)  which  reach  it  from  the  air,  and 
produce  a  soluble  ferment,  in  whose  presence  the  urea  is  split  up 
under  absorption  of  water.     Thus  :  >\  tV 

CON,H^  +  2H,0     =     (M^XO,. 

Urctt.  Ammonium  carboiMle. 
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TTw  substances  insoluble  in  alkaline  urine  are  thrown  down,  the 
deposit  containini;  ammoHio-mngnesky  or  triple  phosphate^  foimed 
by  the  union  of  ammonia  with  the  magnesium  phosphate  present  in 
fre^h  urine,  and  precipitated  as  clear  crystals  of '  knife-rest '  or  '  coffin- 
lid  shape  ( Fig.  95 ),  along  with  amorphous  earthy  phosphates,  and  often 
icid  ammonium  urate  in  the  form  of  dark  balls  occasionally  covered 
with  spines  (Flate  IV.,  2). 

It  IS  only  in  pathological  conditions  that  this  alkaline  fermentation 
lakts  place  within  the  bladder.   The  reaction  of  the  urine  can  readily 
be  made  alkaline  by  the   administration  of  alkalies,  alkaline  car- 
bonates, or  vegetable  acids  like  malic,  citric,  and  tartaric  acid,  which 
ve  broken  up  in  the  txidy  and  form  alkaline  carbonates  with  the 
ilkilies  of  the  blood  and  lymph.     It  is  not  so  easy  to  increase  the 
vidity  of  the  urine,  although  mineral  acids  do  so  up  to  a  certain 
limit    If  the  administration  of  acid  be  pushed  farther,  ammonia  is 
split  off  from  the  proteids,    and   is   excreted   in    the  urine   as    the 
anunoDium  salt  of  the  acid. 

Out.  C0(NHu)2,  IS  the  form  in  which  by  far  the  greater  part  of 
[Aemtrogen  is  discharged  from 


I  Aebody*  Its  amount  is  as  im- 
poftant  a  measure  of  protcid 
inctabolism  as  the  quantity  of 
carbonic  acid  given  out  by  the 
is  of  the  oxidation  of 
cvbonaceous  material.  It  is 
^lubte  in  water  and  in  alcohol, 
wd  crvsialU/es  from   its   solu- 


m'^^*^^ 
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I  lions  in  the  form  of  long  colourless  needles,  or  four-sided  prisms 
•ith  pyramidal  ends  (p.  "^J^^)' 

,    Vric  acid  (C-H^N^O^)  exists  in  large  amount   in   the   urine   of 

Ijinls.    The  excrement  of  serpents  consists  almost  entirely  of  uric  acid. 

^'wmntian  and  mammals  the  quantity  is  comparatively  smalKp.  366). 

Bipporic  acid  (CjH^,NO;,)  occurs  in  considerable  amount  in  the 

lurine  of  herbivora  ;  in  the  urine  of  carnivora  and  of  man  only  in 
^fices;  in  that  of  birds  not  at  all.  It  is  much  more  dependent  on 
ihc  presence  of  particular  substances  in  the  food  than  the  other 
o^nic  constituents  of  urine.  Anything  which  contains  benzoic 
■•rid,  or  substances  which  can  be  readily  changed  into  it,  such  as 
cinnamic  and  quinic  acids,  causes  an  increase  of  the  hippuric  acid  in 
■title.  In  fact,  one  of  the  best  ways  of  obtaining  the  latter  is  from 
life  urine  of  a  person  to  whom  benzoic  acid  is  given  by  the  mouth  ; 
'W  sweat  may  also  in  this  case  contain  a  trace  of  hippuric  acid. 
Chemically  it  is  a  conjugated  acid  fonned  by  the  union  of  benzoic 
wd  and  glycin.     Thus, 

C.HjNO., 

Glycin. 

Benzoic  acid,  therefore,  meets  glycin  in  the  body,  and  combines  with 
^  u  fatty  acids  meet  glycerine  and  combine  with  it.  But  neither 
^  glydn  nor  free  glycerine  have  been  detected  in  the  bVood  ot 
Ubuw  (p.  367). 


C,H,,N03 

Hiptiuric  atiij. 


H,0. 

Waicr. 
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appears  to  be  constantly  present  in  minute  traces  in  normal  urine.  In 
paroxysmal  hasmoglobinuria,  meikiFinoghhin  is  found  in  the  urine  in 
large  amount ;  and  it  is  worthy  of  note  that  it  is  iiol  formed  in  the 
urine  after  secretion,  but  is  already  present  as  such  when  it  reaches 
the  bladder. 

Ferments. — The  urine  contains  traces  of  proteolytic  and  amylolylic 
ferments  (Fig.  98). 

Of  the  inorganic  constituents  of  urine  the  most  important 
and  most  easily  estimated  are  the  chlorine,  phosphoric  acid 
and  sulphuric  acid. 

Chlorine — Much  the  greater  part  of  the  chlorine  is  united  with 
sodium,  a  smaller  amount  with  potassium.  The  chlorides  of  the 
urine  are  undoubtedly  to  a  great  extent  derived  directly  from  the 
chlorides  of  the  food,  and  have  not  the  same  metabolic  signifi- 
cance as  the  organic,  and  even  as  some  of  the  other  inorganic  con- 


FlC.    98.— PKHSIS    in    VHINK.  LHAsFAT/C  FEMMUST  in  LklNF.. 

At   DUFKKENr    ilMtS  OK  TMK   IvAV   ^HOMMANN). 

stituents.  Eut  it  is  noteworthy  that  in  certain  diseased  conditions  the 
chlorine  may  disappear  entirely  from  the  urine,  or  be  greatly 
diminished,  cc.  ir.  pneumonia,  and  in  general  in  cases  in  which 
much  material  lends  10  pass  out  from  the  blood  in  the  form  of 
effusions  (p.  361 1. 

Phosphoric  Acid. — The  phosphoric  acid  of  the  urine  is  chiefly 
derived  frum  the  pliosphates  of  the  food,  but  must  partly  come  from 
the  waste  products  of  tissues  rich  in  phosphorus-containing  sub- 
stances, such  as  lecithin  and  nuclein.  The  phosphoric  acid  is  united 
partly  with  alkalies,  especially  as  acid  sodium  phosphate,  and  partly 
with  earthy  bases,  as  phosphates  of  calcium  and  magnesium.  The 
earthy  phosphates  are  precipitaieJ  by  the  addition  of  an  alkali  to 
urine,  or  in  the  alkaline  fermentation.  In  some  pathological  urines 
they  come  down  when  the  CO.,  is  driven  off  by  heating;  a  precipitate 
of  this  sort  differs  from  heat-coagulated  albumin  in  being  readily 
soluble  in  acids  (p.  362). 

Sulphuric  Acid. — This  is  only  to  a  slight  extent  derived  from 
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Kreatinln  (C4H;N;.0)  has  only  been  found  as  a  constant  con- 
stituent in  the  urine  of  man  and  a  few  other  manfimals.  h  is  possibly 
the  fomi  in  which  the  kreaiin  of  muscle  leaves  the  body.  Its  formula 
differs  from  that  of  kreatin  only  in  possessing  the  elements  of  one 
molecule  of  water  less  ;  and  it  can  be  derived  from  the  latter  by 
boiling  it  with  dilute  sulphuric  acid,  then  neutralizing  with  barium 
carbonate,  filtering,  evaporating  the  filtrate  to  dryness  on  the  water- 
balh»  and  extracting  the  residue  with  alcohol.  From  its  alcoholic 
solution  it  crystallizes  in  colourless  prisms.  It  forms  cr)'Stallinc 
compounds  with  zinc  chloride  and  other  salts  (p.  367). 

XantWii  (CtH^N^Oj),  and  a  body  either  identical  with,  or  nearly 
related  to,  hypoxanthiu  (CjH^N^O),  occur  in  exceedingly  minute 
quantities  in  normal  urine. 

Figments  of  Urine.— The  pigments  of  urine  have  not  hitherto 
been  e.\baustively  studied;  but  we  already  know  that  nomna!  urine 


Fro.  96.— Kreatim. 
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contains  several,  and  pathological  urines  probably  many,  pigmentary 
substances.  The  best-known  pigment  in  normal  urine  is  urobilin 
termed  also  normal  urobilin^  to  distinguish  it  from  a  less  completely 
metibolized  body,  the  so-called /(-^rr/r  urobilin,  which,  as  has  been 
already  mentioned,  is  identical  with  the  fiecal  pigment  stercobilin, 
and  occurs  not  only  in  many  febrile  conditions,  but  also  in  cases  with 
no  fever,  such  as  functional  derangements  of  the  liver,  dyspepsia, 
chronic  bronchitis,  and  valvular  diseases  of  the  heart.  '  Febrile  '  and 
normal  urobilin  both  show  a  characteristic  absorption  band  to  the 
left  of  F ;  but  the  band  of  the  latter  is  much  the  more  faintly  marked, 
and  often  disappears  on  addition  of  caustic  soda,  while  that  of  febrile 
urobilin  is  replaced  by  a  narrower  band  somewhat  nearer  the  red  end 
of  the  spectrum  (MacMunn). 

The  pigments  of  the  bJood  and  bile  and  some  of  their  derivatives 
are  of  common  occurrence  in  the  urine  in  disease.  Hcematop<rr- 
phyrin  has  not  only  been  found  in  some  pathological  conditions,  but 
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ars  10  he  constantly  present  in  minute  traces  in  normal  urine.  In 
pvj-smal  hemoglobinuria,  methiemoghbin  is  found  in  the  urine  in 
amount :  and  it  is  worthy  of  note  that  it  is  not  formed  in  the 
urine  after  secretion,  but  is  already  present  as  such  when  it  reaches 
ciic  bbdder. 

Fcnoents. — The  urine  contains  traces  of  proteolytic  and  amylolytic 
CeraienLf  (Fig.  9S). 

Of  the  inorganic  constituents  of  urine  the  most  important 
^  most  easily  estimated  are  the  chlorine,  phosphoric  acid 
■d  sulphuric  acid. 

Ohiohne — Much  the  greater  part  of  the  chlorine  is  united  with 

fodium,  a  smaller  amount  with  potassium.     The  chlorides   of  the 

wiae  are  undoubteilly  to  a  great  extent  derived  directly  from  the 

^^orides  of  the  food,   and  have  not   the   same   metabolic   signifi- 

ftcca»  the  organic,  and  e\en  as  some  of  the  other  inorganic  con- 
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lUtDents.  But  it  is  noteworthy  that  in  certain  diseased  conditions  the 
flbkrine  may  disappear  entirely  from  the  urine,  or  be  greatly 
dimimshcd.  rr,  in  pneumonia,  and  in  general  in  cases  in  which 
omcii  material  tend*  10  pass  out  from  the  blood  in  the  form  of 
tfusiom  (p.  361 ). 

Phosphoric  Acid. — The  phosphoric  acid  of  the  urine  is  chiefly 
doiftd  from  the  phosphates  of  the  food,  hut  must  partly  come  from 
tf*  waste  products  of  tissues  rich  in  phosphorus-coniainmg  sub- 
Sinces,  such  as  lecithin  and  nuclein.  The  phosphoric  acid  is  united 
prtly  with  alkalies,  especially  as  acid  sodium  phosphate,  and  partly 
»ilh  earthy  loses,  as  phosphates  of  calcium  and  magnesium.  The 
fivthy  phosphates  are  precipitateJ  by  the  addition  of  an  alkali  to 
nhne,  or  in  the  alkaline  fermentation.  In  some  pathological  urines 
they  come  down  when  the  COo  is  driven  off  by  heating ;  a  precipitate 
of  this  sort  diners  from  heat-coagulated  albumin  in  being  readily 
ntoble  in  acids  (p.  362). 

Bnlphoric  Acid.— This  is  only  to  a  slight  extent  derived  honv 
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ready-formed  sulphates  in  the  food.  The  greater  part  of  it  is  formed 
by  oxidation  of  the  sulphur  of  proteids.  About  nine-tenths  of  the 
sulphuric  acid  of  normal  urine  are  united  to  alkalies  ;  the  other  tenth 
is  combined,  in  the  form  of  ethereal  sulphates,  with  aromatic  bodies 
derived  from  the  putrefaction  of  proteids  in  the  intestine.  Such  are 
poiassiumphenylsulphate  (C^H^KSO^),  potassium -kresyl-slil|)haie 
(C;H;KSO^),  potassium-indoxylsulphate  (C^H,,NKSU,),  potassiom- 
skatoxyl-sulphaie(Q,H^NKS04),  and  two  double  sulphates  of  (X)tas- 
sium  and  pyrocatcchin.  Most  of  those  aromatic  compounc^  are 
present  in  greater  amount  in  the  urine  of  the  horse  than  in  the  normal 
urine  of  man ;  but  in  disease  the  quantity  in  the  latter  may  be  much 
increased  ;  and  to  a  certain  extent  it  must  be  iooked  upon  as  an 
index  of  the  intensity  of  putrefactive  processes  in  the  intestine  and  of 
absorption  from  it.  Munk  made  the  curious  observation  that  in  the 
urine  of  a  starving  dog  the  phenol-forming  substances  are  absent, 
while  in  the  urine  of  a  starving  man  they  are  present  in  abnormally 
large  amount.  The  indigo- forming  substances  ('indican,')  on  the 
other  hand,  arc  in  hunger  excreted  in  considerable  quantity  by  the 
dog  and  not  at  all  l^y  man  (p.  362). 

Phenol  and  kresol  can  easily  be  obtained  from  horses  urine  by 
mixing  it  with  strong  HCl,  and  distilling.  These  aromatic  bodies 
pass  over  in  the  distillate.  Pyrocatcchin  remains  behind,  and  can  be 
extracted  by  ether;  it  gives  a  green  colour  with  ferric  chloride,  which 
becomes  violet  on  the  addition  of  sodium  carbonate. 

A  small  amount  of  phosphorus  and  of  sulphur  may  appear  in  the 
urine  in  less  oxidized  forms  than  phosphoric  and  sulphuric  acids. 
Such  a  sulphur  compound  is  potassium  sulphocyanidCt  which  is 
probably,  in  part  at  least,  derived  from  that  of  the  saliva. 

Thlosulphuric  acid  (H^S^Oj)  occurs  almost  constantly  in  cat's 
urine,  often  in  dog's.     It  is  not  free,  but  combined  with  bases. 

The  Urme  in  Disease. — Although,  strictly  speaking,  a  truly 
pathological  urine  has  no  place  in  physiology,  the  line  which 
separates  the  urine  of  health  from  that  of  disease  is  often 
narrow,  sometimes  invisible;  while  the  study  of  abnormal 
constituents  is  not  only  of  great  importance  in  practical 
medicine,  but  throws  light  upon  the  physiological  processes 
taking  place  in  the  kidney,  and  upon  the  general  problems  of 
metabolism.  Even  in  health  the  quantity  of  the  urine,  its 
specific  gravity,  its  acidity,  may  vary  within  wide  limits.  A 
hot  day  may  increase  the  secretion  of  sweat,  and  corre- 
spondingly diminish  the  secretion  of  urine,  and  the  dcficienc}' 
of  water  may  lead  to  a  deposit  of  brick<red  urates.  A  meal 
rich  in  fruit  or  vegetables  may  render  the  urine  alkaline,  and 
its  alkalinity  may  determine  a  precipitate  of  earthy  phos- 
phates.    But  neither  the  scanty  acid  urine,  with  its  sediment 
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,  nor  the  alkaline  urine  with  its  sediment  of  phos- 
;,  comes  under  the  heading  of  pathological  urines;  the 
'deviation  from  the  normal  does  not  amount  to  disease.  The 
aiximum  deviation  from  the  line  of  health  is  the  total 
sappression  of  the  urine.  If  this  lasts  long,  a  train  of 
5)-inptoms,  of  which  convulsions  may  be  one  of  the  most 
prominent,  and  which  are  grouped  under  the  name  of 
QTEinia.  appears.  At  length  the  patient  becomes  comatose, 
aad  death  closes  the  scene.  Suppression  of  urine  may  be 
the  consequence  of  many  pathological  conditions,  but  there 
is  one  case  on  record  which,  in  the  human  subject,  in  effect, 
though  not  in  intention,  belongs  to  experimental  physiology. 
A  surgeon  diagnosed  a  floating  kidney  in  a  woman.  With 
a  natural  impatience  of  loose  odds  and  ends  of  this  sort,  he 
offered  to  remove  it,  and  in  an  evil  hour  the  patient  con- 
sented. The  surgeon,  a  perfectly  skilful  man,  who  acted  for 
the  best,  and  to  whom  no  blame  whatever  attached,  carried 
the  kidney  to  a  well-known  pathologist  for  examination. 
Tbe  latter,  to  the  horror  of  the  operator,  suggested,  from 
the  appearance  of  the  organ,  that  it  was  the  only  kidney 
the  woman  possessed.  This  turned  out  to  be  the  fact. 
Mot  a  drop  of  urine  was  passed.  Apart  from  this  ominous 
symptom,  all  went  well  for  seven  or  eight  days  ;  but  then 
ursmic  troubles  came  on,  and  the  patient  died  on  the 
eleventh  or  thirteenth  day  after  the  operation.  The  autopsy 
showed  that  her  only  kidney  had  been  taken  away. 

In  disease  the  urine  may  contain  abnormal  constituents, 
or  ordinary  constituents  in  abnormal  amounts.  Of  the 
oormal  constituents  which  may  be  altered  in  quantity,  the 
most  important  are  the  water,  the  inorganic  salts^  the  urea, 
^  uric  acid,  and  the  aromatic  substances. 

W«t«r. — A  marked  and  persistent  diminution  in  the 
<iUantity  of  urine,  that  is  to  say,  practically  in  the  water,  with 
w  without  an  increase  in  the  specific  gravity,  is  suggestive  of 
^disorganization  of  the  renal  epithelium.  In  some  infective 
diseases  the  kidney  is  liable  to  be  secondarily  involved,  its 
secreting  cells  being  perhaps  crippled  in  the  attempt  to 
eliminate  the  bacterial  poisons.  In  the  form  of  parenchy- 
faatous  or  tubal  nephritis  which  so  frequently  coi:u^V\ca\fca 
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scarlet  fever,  the  quantity  of  urine  has  in  some  cases  fallen  to 
50  or  60  cc.  in  the  twenty-four  hours. 

In  interstitial  nephritis,  on  the  other  hand,  where  the 
structural  changes  in  the  tubules  are  for  a  long  time  at  least 
comparatively  circumscribed,  the  quantity  of  urine  is  often 
increased,  seldom  diminished.  In  these  cases  the  increase 
in  the  blood-pressure,  associated  \\'ith  h\-pertrophy  of  the 
heart,  may  be  considered  responsible  for  the  exaggerated 
renal  secretion.  In  diabetes  mellitus  the  quantity  of  urine 
is  greatly  increased,  perhaps  in  some  cases  because  more 
urea  is  excreted  than  normal  and  urea  acts  as  a  diuretic, 
perhaps  also  because  the  elimination  of  sugar  draws  with  it 
an  increased  excretion  of  water  to  hold  it  in  solution. 

Inorganic  SalU. — The  changes  in  the  quantity  of  the  in- 
organic constituents  of  the  urine  in  disease  are  not,  in  the 
present  state  of  our  knowledge,  of  as  much  importance  as 
the  changes  in  the  organic  constituents.  The  chlorides  may 
totally  disappear  from  the  urine  in  pneumonia,  and  their 
reappearance  after  the  crisis  is,  so  far  as  it  goes,  a  favourable 
symptom.  In  most  cases  in  which  the  quantity  of  the 
urine  is  markedly  lessened,  all  the  inorganic  substances  are 
diminished  in  amount. 

Urea. — The  quantity  of  urea  is,  as  a  rule,  increased  in 
fever,  either  absolutely  or  in  proportion  to  the  amount  of 
nitrogen  in  the  food.  In  the  interstitial  varieties  of  kidney 
disease  the  urea  is  usually  not  diminished,  but  when  the 
stress  of  the  change  falls  on  the  tubules  (parenchymatous 
nephritis),  it  is  distinctly  decreased — it  may  be  even  to  one- 
twentieth  of  the  normal. 

tTric  acid  is  diminished  in  the  urine  in  gout  (perhaps  to 
one-ninth  of  the  normal),  not  only  during  the  paroxysms, 
but  in  the  intervals.  It  accumulates  in  the  blood  and 
tissues,  and,  as  sodium  urate,  may  form  concretions  in  the 
joints,  the  cartilage  of  the  ear,  and  othersituations.  Watson 
relates  the  case  of  a  gentleman  who  used  to  avail  himself  of 
his  resources  in  this  respect  by  scoring  the  points  at  cards 
on  the  table  with  his  chalky  knuckles. 

The  aromatic  bodies,  of  which  indoxyl  may  be  taken  as  the 
type,  are  increased  when  the  conditions  of  disease  favour  the 
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frowth  of  bacteria  in  the  intestine,  e,g,t  in  • 
tonitis,  carcinoma  of  the  stomach.  A  marked  increase  in  the 
amount  of  the  *  paired  *  sulphuric  acid  in  the  urine  is  to 
he  taken  as  an  indication  that  the  bacteria  are  gaining 
the  upper  hand  in  the  intestinal  tract ;  a  marked  diminution 
is  usually  a  sign  that  the  battle  has  begun  to  turn  in  favour 
of  the  organism  (Practical  Exercises,  p.  363). 

Sugar,  proicids,  the  pigments  of  bile  and  blood,  or  their  derivatives, 

I  ire  the  most  important  abnormal  substances  found  in  solution  in  the 

iwinc.    Toxalburoina  produced  by  bacterial  action  have  also  been 

Ifanwwtniied  in  the  urine  in  certain  diseases,  as  in  erysipelas  (Brieger 

fand  Wasscnnann).      Red   blood  -  corpuscles    and    leucocytes  (pus 

cocpuscles,  »hite  blood  -  corpuscles,  mucus  corpuscles)  are  the  chief 

oi^iied  deposits  ;  but  spermatozoa  may  occasionally  be  found,  as 

veil  as  pathogenic  bacteria,  «^.,  the  typhoid  bacillus  ;  and  in  disea^^e 
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^\^t  kidney  casts  of  the  renal  tubules  are  not  uncommon.     These 

■"Ijtcasis  may  l>c  composed  chiefly  of  red  blood<orpuscles,  or  of 

lojcocytes.  or  of  the  epithelium  of  the  tubules,  sometimes  fattily 

''cgencrated,  or  of  structureless  protcid,  or  of  amyloid  substance. 

Abnormal  crjstalline  substances,  such  as  leucin,  tyrosin,  and  cystin, 

l»i)f  be  on  rare  occasions  found  in  urinary  sediments  ;  but  generally 

f6e  Unorganized   deposits  of  pathological  urine  consist  of  bodies 

'4Cbu]|jr  present  in,  or  obtainable  from,  the  normal  secretion,  but 

pBcnt  in   excess,  either  absolutely,  or  relatively   to  the   solvent 

pO'crof  the  urine. 

Snec. — In  diabetes  raellitus,  although  the  quantity  of  urine  is 
b'^tl)  increased,  its  specific  gravity  is  above  the  normal :  and  this 
■  due  chiefly  to  the  presence  of  sugar  (glucose),  which  generally 
unotmtsto  I  to  5  per  cent.,  but  may  in  extreme  cases  reach  10  or  even 
*S  pei  cent,  more  than  half  a  kilogramme  being  sometimes  given  off 
ifl  tWenty-fouT  hour^. 

The  name  of  the  tests  for  glucose  is  legion.  They  are  mostly 
foondcd  on  its  reducing  action  in  alkaline  solution.     Hydtaled  ox\^e 
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of  bismuth  (Boettcher),  sails  of  gold,  plalinum  and  silver,  indigo 
(Mulder),  and  a  host  of  other  substances,  are  reduced  by  glucose,  and 
may  be  used  to  show  its  presence.  The  reduction  of  cupric  salts 
(Trommer)  and  the  formation  of  cn-stals  of  phenyl-glucosaione 
(Plate  IV..  3)  are  perhaps  the  best  established  tests.  (See  l*nctical 
Exercises,  p.  370). 

Proteida. — Serum -albumin  and  serum  -  globulin  are  the  pnxeids 
most  commonly  found  in  pathological  urine.  Both  are  coaguU'.cd 
by  heating  the  urine,  slightly  acidulated,  if  it  is  not  already  and,  or 
by  the  addition  of  strong  HNO3  in  the  cold  Proteoses  (albumoirtl, 
and  peptones,  are  also  occasionally  present,  and  may  be  recognoed 
by  the  tests  given  in  the  Practical  Kxercises  (p.  368). 

The  pigments  of  blood  and  bile  may  be  detected  by  the  char 
acters  described  in  treating  of  these  substances;  the  ^  ' 

oxyha:moglobin,  or  n)eth£moglobin,  or  any  of  the  olht.  ■  ^ 

of  haemoglobin,  with  the  fonnation  of  hamin  crystals.  wt»uld  aHunl 
proof  of  the  presence  of  the  former,  and  Gmelin's  test  of  the  latter. 
The  red  blood-corpuscles,  seen  with  the  microscope,  are  the  mott 
decisive  evidence  of  the  presence  of  blood,  as  leucocvies  in  abundtnce 
are  of  the  presence  of  pus.  It  should  be  reroembered  that  pujin 
the  urine  of  women  has  sometimes  no  agnificance  except  as  showing 
that  there  has  been  an  admixture  of  leucorrheal  discharge  from  ihc 
vagina.     (See  Practical  Exercises,  pp.  49,  52,  328.) 

The  Seorctioii  of  the  Urine. — We  have  now  to  consider  the 
niechajiisni    by  which    the    urine   is  formed    in  ibe    kidnc) 
from  the  materials  brought  to  it  by  the  blood.     And  here  the 
same  questions  arise  as  have  already  been  discussed  in  the 
case  of  the  salivary  and  other  dig^estive  fjlands :  <i)  Are  the 
urinary  constituents,  or  any  of  them,  present  as  such  in  the 
blood?     (2)  If  they  do  e.\ist  in  the  bloody  are  they  separated 
from  it  by  processes  mainly  physical  or  mainly   vital — id 
other  words,  by  filtration  and  diffusion,  or  by  the  selective 
action  of  living  cells  ?     In  the  case  of  the  digestive  joiccs 
it  has  been  seen  that  some  constituents  are  already  present 
in  the  blood,  but  that  physical  laws  alone  cannot  explain  the 
proportions  in  which  they  occur  in  the  secretions,  nor  the 
conditions  under  which  they  are   separated ;   while   other 
constituents — and  these  the  more  specific  and  important — 
are  manufactured  in  the  gland-cells. 

In  the  kidneys  the  conditions  seem  at  first  sight  favourable 
to  physical  filtration,  as  opposed  to  physiological  secretion. 
Urine  has  been  described  as  essentially  a  solution  of  urea 
and  salts,  and  both  are  ready  formed  in  the  blood.     The 
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arrangement  of  the  bloodvessels,  too,  suggests  an  apparatus 
for  filtering  under  pressure. 

BloodvetaeU  and  Secreting  TaboleB  of  Kidney. — The  renal 
artery  splits  up  at  the  hilus  into  several  branches,  which 
pass  in  between  the  Malpighian  pyramids,  and  form  at  the 
boundary  of  the  cortex  and  medulla  vascular  arches,  from 


VesSf/s  of  y/omeruhis 


(  firit9c 


ncuiiiinrtj 
/.cut  rf 


ht/itUaru 

If/tc 


Vax/i 


s,     -  Ca//  f//{ft1J/tlrxH  S  pfrftfT^ 
/'//  ff/ti'f  nf  Vi  .r.  /v 

/J    I  .Ptrstnia/ 

y//  Olcint  ruJui-   u'tlh 

/"^ -^  f^f /I ft /  iifrfy 
y    Ci'i/fcff/tj  /t^Au/r 
\\  rtif!t*fm/  itf/o  fcrfrx  fts 
I  ftrtfff/fi  /ff//Y/M/d  oj  &/  fYftt 

I   De^rfttt/tntf  iinih   I  pfHtnh's 


Cfihclintf  /if  huh 


KiG.  loi.— Diagram  ov  Blix>dve:&sels  anu  TuaoLts  in  Tiit  KiuNt-v. 
The  arrows  show  the  difcction  In  which  the  urine  Hows. 

which  spring,  on  the  one  side,  interlobular  arteries  running 
up  into  the  cortex  between  the  pyramids  of  Ferrein,  and,  on 
the  other,  vasa  recta  running  down  into  the  boundary  layer 
of  the  medulla.  The  interlobular  arteries  give  off  at  intervals 
afferent  vessels ;  each  of  these  soon  breaks  up  into  a 
glomerulus  or  tuft  of  vascular  loops,  which  gather  them- 
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selves  up  again  into  a  single  efferent  vessel  of  somewhat' 
smaller  calibre  than  the  afferent.  The  glomerulus  is  fitted 
into  a  cup  or  capsule  {of  Bowman),  which  is  closely  reflected 
over  it,  except  where  the  afferent  and  efferent  vessels  pass 
through,  and  forms  the  beginning  of  a  urinary  tubule.  If 
we  suppose  the  tuft  pushed  into  the  blind  end  of  the  tubule 
so  as  to  indent  it,  it  will  be  easily  understood  that  the 
single  layer  of  flattened  epithelium  reflected  on  the 
glomerulus  is  continuous  with  that  lining  the  capsule,  which 
in  its  turn  is  continuous  with  the  epithelial  layer  of  the  rest 
of  the  urinary  tubule.  This  has  been  divided  by  histologists 
into  a  number  of  parts  which  it  is  unnecessary  to  enumerate 
here,  further  than  to  say  that  the  urinary  tubule  proper 
begins  in  the  cortex  in  Bowman's  capsule  and  the  proximal 
convoluted  tubule  (with  its  continuation,  the  spiral  tubule), 
and  ends  in  the  cortex  with  the  distal  convoluted  tubule,  the 
connection  between  the  two  being  made  by  a  long  loop 
(Henle's)  witha  descending  and  an  ascending  limb  (Fig.  loi). 
The  distal  convoluted  tube  joins  by  means  of  the  short 
connecting  tubule  one  of  the  straight  tubules  which  form 
the  pyramids  of  Ferrein  in  the  cortex,  and  which  run  down 
into  the  medulla,  always  uniting  into  larger  and  larger 
tubes  as  they  go,  until  at  length  they  open  as  ducts  of 
Bellini  on  the  apex  of  a  papilla.  The  two  convoluted 
tubules  and  the  ascending  limb  of  Henle's  loop  are  lined  by 
similar  epithelial  cells  with  granular  contents  and  a  striated 
or  *  rodded '  appearance.  We  shall  see  directly  that  this 
morphological  agreement  is  the  index  of  a  functional  like- 
ness. The  blood-supply  of  the  tubules,  especially  of  the 
convoluted  portions,  is  exceedingly  rich,  the  efferent  vessels 
of  the  glomeruli  breaking  up  around  them  into  a  close- 
meshed  network  of  capillaries,  from  which  the  blood  is 
collected  into  interlobular  veins  running  parallel  to  the 
interlobular  arteries  between  the  pyramids  of  Ferrein.  The 
straight  tubules  of  the  medulla  are  also  surrounded  by 
capillaries  given  off  from  straight  arteries  (arteriae  recta) 
running  down  into  it  partly  from  the  arterial  arches  and 
partly  from  efferent  vessels  of  the  glomeruli  nearest  the 
boundary  layer,  the  blood   passing  away  by  straight  veins 
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e  rect*),  which  join  the  veins  accompanying  the  arterial 
arches.  The  greater  part  of  the  blood  going  through  the 
tidney  has  to  pass  through  two  sets  of  capillaries,  one 
m  the  Klomemh,  the  other  around  the  tubules.  Even  the 
portion  of  it  which  does  not  go  through  the  glomeruli  has 
far  the  most  part  a  long  route  to  traverse  in  narrow 
arterioles  and  venules  to  and  from  its  capillary  distribution. 
And  the  mean  circulation-time  through  the  kidney  has  been 
fowid  to  be  longer  than  that  through  most  other  organs. 
ThflorieB  of  Eenal  SecretloD. — To  come  back  to  our  problem 

[of  the  nature  of  renal  secretion,  the  glomerular  arrange- 
ment is  undoubtedly  suggestive  of  filtration  into  the  lumen 
of  Bowman's  capsule.  The  efferent  vessel  is  smaller  than 
iKe  afferent ;  therefore  it  is  easier  for  blood  to  come  to  the 
^omerulus  than  to  get  away  from  it :  the  pressure  in  the 
capillaries  of  the  toft  will  be  higher  than  in  ordinary 
fapillaries,  because  the  resistance  beyond  them  in  the  com- 
paratively narrow  efferent  vessel,  and  especially  in  the  second 
plexus,  is  greater  than  the  resistance  beyond  a  single  capillary 
network. 

On  snch  considerations  Ludwig  founded  the  'mechanical' 
theor\-  of  urinarj'  excretion,  which  for  some  time  waged  an 
equal  war  with  the  'vital'  theory  of  Bowman,  but  can  no 
longer  be  looked  upon  as  seriously  in  the  field. 

Lndwig    supposed    that    the   urine   was   simply   filtered 
through  the  glomeruli ;  but  as  the  proportion  of  salts,  and 
especially  of  urea,  is  ver>'  far  from  being  the  same  in  urine 
^s  in  blood,  he  further  assumed  that  the  liquid  which  passes 
into  Bowman's  capsule  is  exceedingly  dilute,  and  that  absorp- 
tion of  water,  and  perhaps  of  other  constituents,  takes  place 
in  its  passage  along  the  renal  tubules.     The  great  length  of 
these  tubules,  as  compared  with  those  of  most  other  glands, 
anight  seem  to  indicate  a  long  sojourn  of  the  urine  in  them, 
*nd  the  probability  of  important  changes  being  caused  in  its 
passage  along  them.     But   if   we   consider  the   immense 
^tngth  (60  to  70  cm.)  of  the  seminal  tubules  and  of  their 
SiK^ntic  ducts    (epididymis   6   metres),    where,   of  course, 
lUorption  of  water  on  a  large  scale  is  out  of  the  question. 
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length  of  the  renal  tubules.  On  the  other  hand,  the  salivary 
glands,  where  there  arc  no  glomeruli,  secrete  as  much  water 
as  the  kidneys  are  supposed  to  filter ;  and  the  pancreas, 
whose  capillaries  form  the  first  of  a  double  set,  and  there- 
fore in  this  respect  correspond  to  the  renal  glomeruli,  secrete^ 
less  water  than  the  liver,  whose  capillaries  correspond 
to  the  low-pressure  plexus  around  the  convoluted  tubules 
of  the  kidney.  So  that  deductions  drawn  from  the 
anatomical  relations  of  the  bloodvessels  are  not  in  this  case 
of  much  value,  unless  supported  by  physiological  results. 
Tried  by  the  latter  test,  the  mechanical  theory  breaks  down 
for  the  kidney,  as  it  does  for  other  glands. 

In  the  first  place,  the  absence  from  urine  of  the  proteids 
and  sugar  of  the  blood  under  normal  circumstances — if 
infinitesimal  quantities  of  these  substances,  as  some  have 
asserted,  are  really  to  be  found  in  healthy  urine,  it  makes 
no  difference  to  the  argument — and  the  elimination  by  the 
kidney  of  egg-albumin,  peptone,  and  other  bodies  when 
injected  into  the  veins,  show  a  selective  power  inexplicable, 
except  by  reference  to  the  vital  activity  of  cells.  Urea  and 
sugar,  both  highly  diffusible  substances,  circulate  side  by 
side  in  the  bloodvessels  of  the  kidney.  The  one  is  taken 
and  the  other  left.  The  urea  is  a  waste-product  of  no 
further  use  in  the  economy.  The  sugar  is  a  valuable  food- 
substance.  The  kidney  selects  with  unerring  certainty  the 
urea,  of  which  only  4  parts  in  10,000  are  present  in  the  blood, 
but  rejects  the  sugar,  of  which  there  is  five  times  as  much. 

Egg-albumin  injected  into  the  blood  passes  through  the 
renal  circulation  side  by  side  with  the  serum-albumin  of 
the  plasma.  Both  are  indiffusible  through  membranes,  and 
to  the  chemist  the  differences  between  them  may  appear 
superficial  and  minute.  But  the  kidney  does  not  hesitate 
for  an  instant.  The  egg-albumin  is  promptly  e.xcreted  as  a 
foreign  substance;  the  serum-albumin  passes  on  untouched. 

Not  only  does  the  kidney  exercise  a  power  of  qualitative 
selection :  it  also  takes  cognisance  of  the  quantitative  com- 
position of  the  blood.  So  long  as  there  is  less  sugar  in  the 
plasma  than  3  or  4  parts  in  1,000,  it  is  refused  passage 
into  the  renal  tubules.     But  when  this  limit  is  passed,  and 
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the  proportion  of  sugar  in  the  blood  becomes  excessive,  the 
kidney  begins  to  excrete  sugar,  and  continues  to  do  so  till 
the  balance  is  redressed. 

The  advocates  of  the  theory  of  filtration,  driven  from  one 
position  to  another,  have  taken  their  last  stand  on  the 
excretion  of  the  inorganic  constituents  of  the  urine.  But 
even  here  the  theory  has  at  length  become  untenable ;  and 
there  is  no  more  reason  to  believe  that  the  copious  flow  of 
urine  which  follows  the  absorption  of  a  large  quantity  of 
water  is  due  to  a  mere  process  of  filtration  than  there  is  to 
believe  that  filtration,  and  not  selective  secretion,  is  the 
cause  of  the  gush  of  saliva  which  precedes  vomiting,  or  the 
sudden  outburst  of  sweat  on  sudden  and  severe  exertion. 
It  is  true  that  the  greater  the  quantity  of  water  in  the  blood, 
the  greater,  other  things  being  equal,  is  the  volume  of  the 
urine.  And  after  a  meal  of  salt  meat  an  increased  amount 
of  sodium  chloride  is  eliminated  by  the  kidneys.  But  this  is 
no  more  a  proof  of  filtration  than  is  the  excretion  of  sugar 
in  diabetes.  For  the  increase  in  the  elimination  of  water 
and  salts  goes  on  only  till  the  normal  composition  of  the 
blood  is  restored.  And  in  an  animal  completely  starved,  or 
starved  only  of  salts,  it  has  been  found  that  the  quantity  of 
inorganic  substances  eliminated  in  the  urine  drops  almost  to 
zero,  while  the  proportional  amount  in  the  blood  and  tissues 
is  little,  if  at  all,  affected. 

But,  secondly,  there  is  positive  proof  that  the  *  rodded  * 
epithelium  of  the  tubules,  which  no  one  supposes  to  be 
abandoned  more  to  mere  physical  influences  than  the 
epithelium  of  the  salivary  glands,  plays  a  part  in  the 
secretion  of  some  of  the  urinary  constituents.  For  Bowman 
saw  crj'stals  of  uric  acid  in  the  epithelium  of  the  convoluted 
tubules  of  birds.  Heidenhain  found  that  urate  of  soda  and 
iadigo-carmine  injected  into  the  blood  of  a  rabbit  are 
excreted  by  the  epithelium  of  the  convoluted  tubules  and 
the  ascending  part  of  Henle's  loop.  And  Nussbaum's  experi- 
ments, although  not  perhaps  quite  conclusive,  have  made  it 
probable  that  in  the  frog  urea  is  actually  separated  by  the 
epithelium  of  the  tubules. 

The  experimeats  of  Heidenhain  and  Hussbaum  deserve  more 
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detailed  description.  The  former  injected  indigo- carmine 
into  the  blood  of  rabbits  and  after  a  variable  time  killed 
them,  cut  out  the  kidneys,  and  flushed  them  with  alcohol. 
His  results  were  as  follows  :  (i)  When  the  spinal  cord  was 
cut  before  the  injection  in  order  to  reduce  the  blood-pressure, 
the  blue  granules  were  found  in  the  '  rodded  *  epithelium  of 
the  convoluted  tubules  and  the  ascending  limb  of  Henles 
loop,  and  in  the  lumen  of  the  tubules,  but  nowhere  else.  The 
renal  cortex  was  coloured  blue.  (2)  When  the  spinal  cord 
was  not  cut,  the  pigment  was  found  in  the  medulla  aod 
pelvis  of  the  kidney,  as  well  as  in  the  cortex,  but  always  in 
the  lumen  of  the  tubules,  and  not  in  the  epithelium,  except 
in  the  situations  mentioned-  C3)  if  a  porti6n  of  the  cortex 
of  the  kidney  had  been  cauterized  with  nitrate  of  siher 
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'I*he  cortex  b«w<en 
J  and  b  And  between 
•  and  d  Wiu  cauieriMd 
before  ihe  injedion. 
Id  iIk  black  wvdgc- 
stuped  pornoQ!  i  tKerv 
WAS  no  pigment.  Id 
ihe  loocs  shaded  like 
3  there  was  Mfne  pif* 
ment,  but  not  so  mOm 
oi  in  the  areas  shaded 
like  3. 


•DlAGKAU  UF    Dl$TKIHUriU.N  UP   PiCMKHT  IM  KlDNEV  ATTKR  tXIV-tld* 

INTO  Blood. 


before  injection  of  the  pigment,  a  wedge  of  the  renal  sub- 
stance, corresponding  to  this  area,  remained  coloured  only 
in  the  cortex,  although  the  rest  was  blue  in  the  medulUaUo. 
The  rodded  epithelium  was  filled  with  blue  granules  ^ 
before  {Fig.  102). 

(1)  shows  that  the  epithelium  is  capable  of  excreting 
some  substances  at  least.  (2)  appears  to  show  that  wbeo 
the  blood-pressure  is  normal  water  is  poured  out  from  3om« 
part  of  the  tubule,  and  washes  the  pigment  separated  by  the 
'  rodded  '  epithelium  down  towards  the  papilla;.  (3)  suggests 
that  it  is  through  the  glomeruli  that  most  of  the  water 
passes.  For  cauterization  has  not  destroyed  the  power  (A 
the  epithelium  to  excrete  pigment,  and  therefore,  presumably, 
would   not  have  destroyed  its  power  to  excrete  water  if  ^ 


EXC/CETION. 


347 


possessed  this  power  in  any  great  degree  ;  and  the  glomeruli 
id  their  capsules  are  the  only  other  part  of  the  renal 
hanism  which  can  have  been  affected.  The  fiact  that 
birds  and  serpents,  whose  urine  is  solid  or  semi-solid,  the 
Knenili  are  smaller  than  in  mammals  is  corroborative 
idence  that  the  glomeruli  have  to  do  with  the  excretion  of 
:er. 

Nussbaum's  experiments  were  founded  on  the  anatomical 
t  that  the  kidney  of  batrachians,  and,  indeed,  that  of  fishes 
d  ophidia  as  well,  has  a  double  blood-supply.     The  renal 
tr>'  gives  off  afferent  vessels  to  the  glomeruli,  and  the 
lal  portal  vein  breaks  up,  like  the  portal  vein  in  the  liver, 
0  a  plexus  of  capillaries  surrounding  the  tubules,  with 
lich  plexus  the  efferent  arterioles  of  the  glomeruli  com- 
oninicate.     By  tyinK  the  renal  arteries  in  the  frog,  Nussbaum 
thought  he  could  at  will  stop  the  circulation  in  the  glomeraH, 
and  he  found  that  after  this  was  done,  sugar,  peptones  and 
-albumin,  injected  into  the  blood,  no  longer  passed  into 
urine,  although  they  readily  did  so  when  the  arteries 
e  not  tied.     Urea,  however,  was  still  eliminated   by  the 
lDe)'s  after  ligature  of  the  renal  arteries,  and  water  along 
It.  He  concluded  that  the  Malpighian  corpuscles  have  the 
er  of  excreting  water,  sugar,  peptone,  and  albumin,  while 
epithelium  of  the  tubules  excretes  urea  as  well  as  water. 
dami  has  since  shown  that  the  circulation  in  the  glomeruli 
not  wholly  stopped    by   Nussbaum's   operation,  and    he 
ts  that  the  water  secreted  during  the  elimination  of 
after  ligature  of  the  renal  arteries  may  really  come 
ugh   the    Malpighian    tufts.      At   the   same  time,   this 
lection  does  not  touch  the  conclusion  of  Nussbaum,  that 
glomeruli  are  alone  concerned  in  the  separation  of  the 
bodies  mentioned.     For  his  operation,  whether  it  com- 
pletely cut  off  the  circulation  in  the  tufts  or  not,  interfered 
*ith  It  so  much  as  to  stop  the  excretion  of  these  substances, 
^ile  leaving  the  epithelium  of  the  tubules  as  able  to  con- 
tioae  that   function,   if  it  possessed   it,  as   it  was  before. 
Aduni  himself  has  shown  that  hfemoglobin  when  free  in  the 
^ood.plasma  is  excreted  by  the  glomeruli,  even  when  the 
rtnal  artery  has  been  ligatured,  and  that  menisci  oi  l\\i&  %u\i- 
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stance  may  be  coagulated  within  the  lumen  of  the  Bowman*s 
capsules  by  plunging  the  kidney  into  boiling  water.  In  the 
dog,  too,  haemoglobin  is  excreted  by  the  glomeruli,  and  may 
be  washed  out  of  the  capsule  by  the  increased  quantity  of 
water  secreted  when  sodium  nitrate  is  administered.  This 
shows  that  a  diuretic  may  act  upon  the  glomerular  epithelium, 
which  is  thus  brought  into  line  with  the  *  rodded  '  epithelium 
of  the  tubules. 

What,  then,  is  the  signiiicance  of  the  peculiar  arrangement 
of  the  glomerular  bloodvessels,  if  the  epithelium  of  the 
capsules  has  secretive  powers  like  that  of  ordinarj'  glands' 
It  is  difficult  to  believe  that  these  unique  vascular  tufts  have 
not  a  near  and  important  relation  to  the  renal  function ;  but 
it  is  by  no  means  clear  what  that  relation  is.  The  secretion 
of  water,  and  even  its  rapid  secretion,  is  not  at  all  bound  up 
with  any  set  arrangement  of  bloodvessels.  Gland-cells  all 
over  the  body  secrete  water  under  the  most  varied  conditions 
of  blood -pressure,  although  a  comparatively  high  pressure  is 
upon  the  whole  favourable  to  a  copious  outflow. 

But  the  kidney  has,  as  we  now  know,  other  functions  than 
mere  excretion  (p.  415).  And  the  simplest  part  of  thtf  latter 
process,  the  elimination  of  water  and  salts,  is  largely  thrown 
upon  the  Malpighian  corpuscles,  as  a  physiologically  cheaper 
machine  than  the  epithelium  of  the  tubules,  which  is  left  free 
for  more  complex  labours.  These  may  include  not  only  the 
separation  of  nitrogenous  metabolites,  but  perhaps  the 
building  up  of  urea,  or  of  less  completely  metabolized 
substances  which  precede  it,  into  higher  combinations,  and 
the  consequent  regulation  of  the  quantity  of  urea  finally 
excreted,  and  the  ultimate  proteid  waste  which  this  ex- 
presses. The  epithelium  of  the  glomerulus,  being  a  less 
highly  organized  and  less  delicately  selective  mechanism 
than  that  of  the  convoluted  tubules,  may  more  easily 
respond  to  increase  of  blood-pressure  by  increased  secre- 
tion. At  the  same  time,  placed  as  it  is  at  the  last  flood- 
gate of  the  circulation,  where  the  escape  of  anything  valuable 
means  probably  its  total  loss,  the  glomerular  epithelium 
may  be  endowed  with  a  general  power  of  resistance  to 
transudation,  which  renders  a  comparatively    high   blood- 
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pressure  a  necessary  condition  of  its  acting  at  all.  And  as 
a  matter  of  fact,  water  ceases  to  be  secreted  by  the  kidney 
Icmg  before  the  blood-pressure  in  the  glomcTuli  can  have 
blleo  below-  that  which  suffices  for  the  highe&t  activity  of 
tbe  liver.  Perhaps,  however,  the  high  minimum  pressure  re- 
qoired  (30  to  -;o  mm.  Hg  in  the  dog)  is  merely  the  necessary 
consequence  of  the  long  and  difficult  path  which  most  of  the 
blood  going  through  the  kidney  has  to  take,  and  that  a  sufH* 
cient  blood-flow  cannot  be  kept  up  with  less.  It  may  be,  too, 
that  the  comparatively  small  surface  of  the  glomeruli,  re- 
uricted  in  order  to  leave  room  for  the  more  highly  organized 
pansof  the  renal  mechanism,  entails  the  more  intense  and 
concentrated  activity,  which  the  high  blood-pressure  renders 
possible,  and  the  simplicity  of  work  and  organization  renders 
hrmless. 

This  brings  us  to  a  second  suggestion  as  to  the  meaning 
of  the  double  capillary  supply  of  the  kidney>  namely,  that 
rthe  more  highly  organized  parts  of  the  renal  tubules  are 
|«hielded  from  an  excessive  blood-pressure  by  the  interposition 
of  the  glomeruli  as  a  block.  This  maybe  either  because 
the  epithelium  of  the  tubules  would  not  perform  its  proper 
Hwk  so  well  under  a  high  blood-pressure,  or  because  there 
_would  be  a  dagger  of  substances  which  ought  to  be  retained 
eing  cast  out  into  the  urine.  In  this  connection  it  is 
"jDteresting  to  note  that  the  specific  constituents  of  urine 
are  separated  by  epithelium  surrounded  by  capillaries  of  the 
second  order,  and  therefore  with  a  smaller  blood-pressure 
than  exists  in  the  capillaries  of  most  glands,  while  the  same 
IS  true  of  bile,  the  other  proteid-free  secretion.  The  sweat- 
glands,  too,  the  second  great  outgate  of  liquid  excretion,  are 
sfUTOunded  by  capillaries  separated  from  the  main  arterial 
branch  by  a  rete  mirabilc  corresponding  to  a  glomerulus. 

The  maximum  secretory  pressure  in  the  kidney,  as  shown 
b>'  a  manometer  tied  into  the  divided  ureter,  is  about 
60  mm.  Hg  in  the  dog,  or  less  than  half  that  of  saliva. 
It  has  been  already  pointed  out  that  there  is  no  necessary 
relation  between  the  blood- pressure  in  the  capillaries  of  a 
gland  and  its  secretory  pressure ;  and,  so  far  as  this  goes, 
water  might  just  as  well  be  secreted  at  a  pressure  ot  60  mrcv* 


350 


A  ^fANUAL  OF  PHYSIOLOGY. 


Hg  from  the  low-pressure  blood  of  the  second  set  of  renal 
capillaries  as  from  the  high-pressure  blood  of  the  glomeruli. 

The  Influence  of  the  Circulation  on  the  Secretion  of  Urine. — 
Although  the  activity  of  no  organ  in  the  body  is  governed 
more  by  the  indirect  effects  of  nervous  action  than  that  of  the 
kidney,  no  proof  has  yet  been  given  of  the  existence  of 
secretory  fibres  for  it  comparable  to  those  of  the  salivar)' 
glands.  All  the  changes  in  the  rate  of  renal  secretion  which 
follow  the  section  or  stimulation  of  nerves  can  be  explained 
as  the  consequences  of  the  rise  or  fall  of  local  or  general 
blood-pressure. 

The  best  way  to  study  variations  in  the  calibre  of  the 

B,   m«tal  box  in 

iwo  halves  opening 
on  the  hinjje  H  . 
M ,  thin  membniBA  : 
A,  space  fliled  with 
oil  ;  O.  orgaa  en- 
closed in  onco- 
meter; V,  vessels  of 
organ  ;  /,  tube  Tor 
filling  instrument 
with  oil ;  T.  tube 
connected  with  D. 
which  opens  into 
cylinder  C  ;  C  is 
also  nilcd  with  oil : 
I',  piston  attached 
by  £  to  a  writing 
levw. 

i-'iG.  loj.— Diagram  of  OKGAN-PLETHYSMcxiKAfH  OB  Oncometkr. 

renal  vessels  is  the  plethysmographic  method,  and  the 
oncometer  of  Roy  is  a  plethysmograph  adapted  to  the 
kidney.  It  consists  of  a  metal  capsule  lined  with  a  loose 
membrane,  between  which  and  the  metal  there  is  a  space 
filled  with  oil.  The  two  halves  of  the  capsule  open  and  shut 
on  a  hinge;  and  the  kidney,  when  introduced  into  it,  is 
surrounded  on  all  sides  by  the  membrane,  the  vessels  and 
ureter  passing  out  through  an  opening.  The  oil-space  is 
connected  with  a  cylinder  also  filled  with  oil,  above  which  a 
piston,  connected  with  a  lever,  moves.  The  lever  registers 
on  a  drum  the  changes  in  the  volume  of  the  kidney,  i.^., 
practically  the  changes  in  the  quantity  of  blood  in  it,  and 
therefore  in  the  calibre  of  its  vessels. 

Nerves  of  the   Kiducy, — Both  vaso-constrictor   and   vaso- 
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dflator  fibres  ior  the  renal  vessels,  bat  most  clearly  the 
former,  have  been  shown  to  leave  the  cord  (in  the  dog)  by 
the  anterior  roots  of  the  sixth  thoracic  to  second  lumbar 
nerves,  and  especially  of  the  last  three  thoracic.  They  run 
inthe  splanchnics,  and  then  through  the  renal  plexus — around 
the  renal  artery — into  the  kidney.  The  vaso-constrictors 
predominate,  so  that  the  general  effect  of  stimulation  of  the 
nerve-roots,  the  splanchnics,  or  the  renal  nerves  is  shrinking 
of  the  kidney,  with  diminution  or  cessation  of  the  secretion 
of  urine.  But  slow  rhythmical  stimulation  of  the  roots 
auses  increase  of  volume,  the  dilators  being  by  this  method 
excited  in  preference  to  the  constrictors.  Section  of  the 
I  leoal  nerves  is  followed  by  relaxation  of  the  small  arteries  in 
I  the  kidney,  and  consequent  swelling  of  the  organ.  The 
'Bow  of  urine  is  greatly  increased,  and  sometimes  albumin 
appears  in  it,  the  excessive  pressure  in  the  capillaries  (par- 
[licularly  in  those  of  the  glomeruli)  being  supposed  to  favour 
^the  escape  of  substances  to  which  the  renal  epithelium 
refuses  a  passage  under  normal  conditions. 

The  recent  investigations  of  Berkely  have  shown  that  the 

renal  ner\'es,  entering  at  the  hilum,  branch  repeatedly,  so 

u  to  form  a  wide-meshed  plexus  around  the  arteries,  and 

accompany  them  even    to  their  finest  ramifications  in  the 

cortex.     No  nerve-fibres  have  as  yet  been  seen  on  the  veins 

in  the  kidney-substance  or  on  the  straight  arteries.     Coming 

off  from  the  nerves  surrounding  the  arteries  are  fine  fibres 

which  are  distributed  to   the  convoluted  tubules,  and  are 

perhaps    secretorj"    nerves.      Some    of    them    terminate    in 

globular  ends,  others  in  fine  threads  that  pass  through  the 

membrana  propria. 

It  is  generally  assumed  that  the  renal  nerves  affect  chiefiy 
the  afferent  arterioles  of  the  glomeruli ;  but  there  seems  to 
be  no  experimental  ground  for  this  view,  which  is  merely  a 
doctrinaire  deduction  from  Ludwig's  filtration  theory.  For 
if  that  theor>',  or  any  modification  of  it  which  postu- 
lates a  close  connection  between  the  blood-pressure  in  the 
glomerular  capillaries  and  the  rate  of  secretion  of  urine,  be 
accepted,  it  is  evidently  an  advantage  that  there  should  be  no 
similar  lofiuence  on  the  efferent  arterioles,  since  consU'icX'votv 
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of  both  would  not  necessarily  cause  any  fall,  nor  dilation  of 
both  any  rise,  of  intra-glomenilar  pressure.  Heidenhain's 
suggestion,  that  the  velocity  of  the  blood-flow,  and  not  the 
pressure  in  the  glomeruli,  is  the  determining  factor  in 
urinary  secretion,  does  not  require  any  arbitrary  restriction 
of  the  tract  influenced  by  the  renal  vaso-motor  nerves.  If 
both  afferent  and  efferent  vessels  were  constricted,  the  blood- 
flow  would  be  diminished ;  if  both  were  relaxed,  it  would  be 
increased  ;  if  only  the  vas  affcrens  were  affected,  the  changes 


Fig.  104.-— Nervks  of  Kidney  (Berkely^ 

(■6)  mrdlum -sized  artery  with  Us  nerve-plexus  ;  A,  terminal  knobi :  B.  tberrmDt  branch 
ending  in  lerminitl  knob  E;  the  dotted  lines  outline  the  artery.  (17)  Nerve-fibres  sur- 
rounding a  Bowman's  capsule,  which  is  indicated  by  a  dotted  line  ;  some  of  the  cndingi  are 
dose  to  the  membrane  ;  ( 18)  convoluted  tubule  ^own  in  outline  with  fine  nerve-ftbres  00  tl, 
which  spL'tn  to  enter  the  baietnent  membrane. 


would  be  in  the  same  sense,  although  less  marked,  since  the 
total  alteration  of  resistance  would  be  less. 

An  experiment  which  is  sometimes  quoted  as  a  decisive 
test  of  the  relative  importance  of  changes  in  the  rate  of  flow, 
and  in  the  pressure  of  the  blood  within  the  glomeruli,  is  that 
of  tying  the  renal  vein.  This  undoubtedly  does  not  lower 
the  intra-glomerular  pressure — it  is  more  likely  to  increase 
it — but  the  secretion  of  urine  stops ;  and  it  is  suggested  that 
the  secretion  stops  because  an  active  circulation,  and  not  a 
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high  blood-pressure,  is  its  necessary  condition.  The  con- 
clusion is  probably  correct,  but  the  experiment  does  not 
prove  it.  For  few  glands  can  go  on  performing  their 
function  after  the  circulation  has  ceased.  The  kidney 
must  be  able  to  feed  itself  in  order  to  continue  its  work; 
and  it  might  be  urged  that  if  the  blood  in  the  glomeruli 
could  be  kept  at  the  normal  standard  of  arterial  blood, 
secretion  might  still  go  on  after  ligature  of  the  renal  vein. 

According  to  Ludwig.  indeed,  the  experiment  really  teaches 
that  the  liquid  part  of  the  urine  is,  at  any  rate,  not  separated 
by  the  epithelium  of  the  tubules,  since  the  blood-pressure  in 
the  capillaries  around  the  tubules  must  rise  very  greatly 
after  ligature  of  the  vein,  and  yet  secretion  is  slopped.  It 
might  equally  well  be  argued,  however,  that  the  renal  epi- 
thelium normally  secretes  water  under  a  low  blood -pressure, 
but  is  disorganized  under  the  excessive  and  entirely  un- 
accustomed pressure  which  follows  the  closure  of  the  vein. 
But  the  whole  discussion  is  an  illustration — and  this  is  the 
reason  we  have  gone  into  it  so  fully — of  the  complexity,  the 
many-sidedness  of  physiological  phenomena,  even  when 
reduced  by  well-planned  experiments  to  their  simplest  terms, 
and  the  unconscious  bias  which  theory  sometimes  gives  to 
even  the  most  acute  and  original  minds  in  interpreting  the 
results  of  observation. 

It  is  not  only  through  nerves  directly  governing  the  calibre 
of  the  vessels  of  the  kidney  that  the  rate  of  urinary  secretion, 
can  be  affected,  hny  change  in  the  general  blood-pressure, 
if  not  counteracted  by,  still  more  if  conspiring  with,  simul- 
taneous local  changes  in  the  renal  vessels,  may  be  followed 
by  an  increased  or  diminished  flow  of  urine ;  and  the  law 
which  explains  all  such  variations,  or  at  least  serves  to  sum 
them  up,  is  that  in  general  an  increase  in  the  rate  of  the  blood' 
jiow  through  the  kuinty  is  followed  by  an  increase  in  the  rate  of 
secretion.  It  will  be  remarked  that  this  is  the  converse  of 
the  great  law,  of  which  we  have  already  seen  so  many  illus- 
trations, that  functional  activity  increases  blood-flow.  It  is 
probable  that  this  law  holds  for  the  kidney  as  well  as  for 
other  organs,  but  that  the  influence  of  activity  on  blood- 
supply  is  subordinated  to  that  of  blood-sup^jV"^  oiv  a-cVvsiW^  , 
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whiie  in  most  tissues,  as  in  the  muscles,  the  converse  is  the 
case. 

Destruction  of  the  medulla  oblongata  (i.f.,  of  the  vaso- 
motor centre),  or  section  of  the  cord  below  it,  diminishes 
the  secretion  of  urine,  because  the  arterial  pressure  is 
lowered  so  much  as  to  over-compensate  the  dilatation  of 
the  renal  vessels,  which  the  operation  also  brings  about. 
Stimulation  of  the  medulla  or  cord  also  lessens  the  flow  of 
urine  by  constricting  the  arterioles  of  the  kidney  so  much 
as  to  over-compensate  the  rise  of  general  blood-pressure, 
caused  by  the  constriction  of  small  vessels  throughout  the 
body. 

If  the  renal  nerves  have  been  cut,  stimulation  of  the 
medulla  oblongata  increases  the  urinary  secretion,  because 
now  the  rise  of  general  blood -pressure  is  no  longer  counter- 
balanced by  constriction  of  the  renal  vessels.  Puncture  of  a 
certain  part  of  the  floor  of  the  fourth  ventricle  may  produce  a 
copious  flow  of  urine  by  destroying  the  portion  of  the  vaso- 
motor centre  governing  the  renal  nerves,  while  the  rest 
remains  uninjured  and  keeps  up  the  general  blood-pressure. 

Section  of  the  splanchnic  nerves  causes  a  fall  of  arterial 
pressure,  which  is,  however,  more  than  balanced  by  the 
simultaneous  dilatation  of  renal  vessels,  and  therefore  for 
some  time  the  flow  of  urine  is  increased,  but  not  so  much  as 
when  the  renal  nerves  alone  are  cut.  On  the  other  hand, 
stimulation  of  the  splanchnics  stops  the  urinary  secretion, 
because  the  general  rise  of  pressure  is  not  enough  to  make 
up  for  the  constriction  of  the  renal  vessels. 

Diurtiks  are  substances  that  increase  the  flow  of  urine. 
Some  of  them,  such  as  digitalis,  act  by  increasing  the 
blood-pressure,  others  by  a  direct  influence  on  the  secreting 
mechanism.  Urea,  or  caffein,  for  instance,  when  injected 
into  the  blood,  even  after  the  secretion  of  urine  has  been 
stopped  by  the  fall  of  pressure  consequent  on  section  of  the 
spinal  cord,  causes  renewed  secretion. 

Summary. — Our  knowledge  of  renal  secretion  may  be  thus 
summed  up :  The  water  and  salts  of  the  urine  are  partly,  and 
perhaps  chiefly,  separated  by  the  glomeruli  ;  the  process  is  not^- 
physical  filtration,  hut  a  true  secretion.     Substances  like  sugar, 
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'w,  and  htemoglobin  when  injecUd  into  the  blood 
by  the  gtomertUt  :  so  probably  is  the  sugar  of  diabetes. 
UrtUf  uric  acid^  and  presumably  the  other  organic  constiiiunts  of 
normal  urine*  with  a  portion  of  the  water  and  salts,  are  excreted 
by  the  physiological  activity  of  the  '  redded  '  epithelium  of  the 
fnaltubuUs.     The  rate  of  secretion  of  urine  rises  and  falls  with 
Ike  pressure,  and  probably  still  more  with   the  velocity,  of  the 
biood  in  the  renal  x-essels.     No  secretory  nerves  for  the  kidney 
have  been  definitely  found ;  the  effects  of  section  or  stimulation  of 
nerves  on  the  secretion  can  all  be  explained  by  the  changes  pro- 
duced in  the  renal  blood-flow.     Some  diuretics  act  by  increasing 
the  hlood-flou',  others  directly  on  th€  epithelium  of  the  tubules. 
ICcturitioii. — The  urine,  like  the  bile,  is  being  constantly 
^formed;  although  secretion  varies  in  Its  rate  from  time  to 
^Btime,  it  never  ceases.     Trickling  along  the  collecting  tubules, 
P^lheorine  reaches  the  pelvis  of  the  kidney,  from  which  it  is 
r     propelled  along  the  ureters   by   peristaltic   contractions  of 
[^     their  walls,  and  drops  from  their  valve-like  orifices  into  the 
bladder.      When  this  becomes  distended,  rhythmical  peri- 
staltic contractions  are  set  up  in  it,  and  notice  is  given  of  its 
condition   by  a  characteristic  sensation,  which  is  perhaps 
lided  by  the  squeezing  of  a  few  drops  of  urine  past  the 
tonically  contracted  circular  fibres  that  form  a  sphincter  round 
the  neck  of  the  bladder,  and  into  the  first  part  of  the  urethra. 
The  desire  to  empty  the  bladder  can  be  resisted  for  a  time, 
as  can  the  desire  to  empty  the  bowel.     If  it  is  yielded  to. 
the  smooth   muscular  fibres  in  the  wall  of  the  viscus  are 
thrown  into  contraction.    This  is  aided  by  an  expulsive  effort 
of  the  abdominal  muscles.     The  sphincter  vesica;  is  relaxed  : 
and  the  urine  is  forced  along  the  urethra,  its  passage  being 
fidlitated  by  discontinuous  contractions  of  the  ejaculator 
urinie  muscle,  which  also  serve  to  squeeze  the  last  drops  of 
urine  from  the  urethral  canal  at  the  completion  of  the  act. 
The  pressure  in  the  bladder  of  a  man  may  be  made  as 
igh  as  10  cm.  Hg  during  the  act  of  micturition  ;  about  half 
is  amount  is  due  to  the  contraction  of  the  vesical  walls 
ne,  the  rest  to  the  contraction  of  the  abdominal  muscles. 
Although  the  whole  performance  seems  to  us  to  be  com- 
tely  voluntar)',  there  are  facts  which  show  that  *\\.  \s  ^V 
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bottom  a  reflex  series  of  co-ordinated  movements,  that  can 
be  started  by  impulses  passing  to  a  centre  in  the  spinal  cord 
from  above  or  from  below — from  the  brain  or  from  the 
bladder.  In  dofjs  with  the  spinal  cord  divided  at  the  upper 
level  of  the  lumbar  region,  micturition  takes  place  regularly 
when  the  bladder  is  full,  and  can  be  excited  by  such  slight 
stimuli  as  sponging  of  the  skin  round  the  anus  <GoItz). 
Here,  of  course,  the  act  is  entirely  reflex ;  and  the  centre 
is  situated  at  the  level  of  the  fifth  lumbar  nerves.  The 
efferent  nerves  of  the  bladder,  like  those  of  the  rectum, 
come  partly  from  the  cord  directly  through  the  sacral  nerves, 
and  partly  through  the  lumbar  sympathetic  chain  (second  to 
sixth  ganglia).  The  sacral  fibres  are  connected  with  nerve 
cells  in  the  hypogastric  plexus,  and  the  sympathetic,  partly 
at  least,  in  the  inferior  mesenteric  ganglia.  This  anatomical 
coincidence  acquires  interest  in  view  of  the  striking 
physiological  similarity  between  the  processes  of  micturition 
and  defaecation,  a  similarity  which  is  emphasized  by  the  fact 
that  the  latter  is  almost  invariably  accompanied  by  the 
former.  An  important  difference,  however,  is  that  the  will  can 
far  more  readily  set  in  motion  the  machinery  of  micturition 
than  that  of  deftecation ;  a  man  can  generally  empty  his 
bladder  when  he  likes,  but  he  cannot  empty  his  bowels  when 
he  likes. 

Sometimes  in  disease,  and  especially  in  disease  of  the 
spinal  cord,  the  mechanism  of  micturition  breaks  down  ; 
the  bladder  is  no  longer  properly  emptied ;  it  remains  dis- 
tended with  urine,  which  dribbles  away  through  the  urethra 
as  fast  as  it  escapes  from  the  ureters.  To  this  condition 
the  term  iticontiftcnce  of  urine  is  properly  applied. 

Reflex  emptying  of  the  bladder,  without  an  act  of  will  or 
during  unconsciousness,  is  not  true  incontinence.  The  in- 
voluntary micturition  of  children  during  sleep,  for  example, 
is  a  perfectly  normal  reflex  act,  although  more  easily  excited 
and  less  easily  controlled  than  in  adults. 
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Besides  permitting  of  the  trifling  gaseous  interchange 
already  referred  to  (p.  217),  the  skin  plays  an  important  part 
m  the  elimination  of  water  by  the  sweat-glands. 

Sweat  is  a  clear  colourless  Uquid,  alkaline  when  pure,  and 

consisting  chiefly  of  water  with  small  quantities  of  salts, 

neutral  fats,  and  volatile  fatty  acids,  and,  under  certain  con- 

^bditions  at  least,  the  merest  traces  of  proteids  and  urea.     It 

Bis  secreted   by  simple  gland-tubes,  which  form  coils  lined 

B'^itb   a    single   layer  of   columnar  epithelium,  in    the   sub> 

Hsutaneous  tissue,  with  long  ducts  running  up  to  the  surface 

■through  the  true  skin  and  epidermis.     Unless  collected  from 

Bthe  parts  of  the  skin  on  which  there  are  no  hairs,  such  as 

the  palm,  it  is  apt  to  be  mixed  with  sebum^  a  secretion 

formed  by  the  breaking  down  of  the  cells  of  the  sebaceous 

glands,  which  open  into  the  hair  follicles,  and  consisting 

chiefly  of  fats,  soaps,  and  salts. 

Ahhough   it  is  only  occasionally  that  sweat  collects  in 

Msible  amount  on  the  skin,  water  is  always  being  given  off 

in  the  form  of  vapour.     This  invisible  perspiration   leaves 

behind  it  on  the  skin,  or  in  the  glands,  the  whole  of  the 

non-volatile   constituents,   which   may  be   to  some  extent 

reabsorbed  ;   and    since  even  the  visible  perspiration  is  in 

large  part  evaporated  from  the  very  mouths  of  the  glands  in 

^^bich  it  is  formed,  the  sweat  can  hardly  be  considered,  even 

^fbo  the  small  extent  indicated  by  its  chemical  composition, 

a.  vehicle  of  solid  excretion. 

The  total  quantity  of  water  excreted  by  the  skin,  and  the 
relative  proportions  of  luaibU  and  invisible  perspiration,  vary 
greatly.  A  dry  and  warm  atmosphere  increases,  and  a 
aoist  and  cold  atmosphere  diminishes  the  total,  and,  within 
Kmits,  the  invisible  perspiration.  Visible  sweat — given  the 
coadition  of  rapid  heat-production  in  the  body  as  in  mus- 
cular labour — is  more  readily  deposited  on  freely  exposed 
surfaces  when  the  air  is  moist  than  when  it  is  drj'.  The  air 
in  contact  with  surfaces  covered  by  clothing  is  never  far  from 
^twing  saturated  with  watery  vapour.  Here,  accordingly,  a 
tively  slight  increase  ia  the  activily4rf  l\\e  svi^aV- 
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glands  suffices  to  produce  more  water  than  can  be  at  once 
evaporated ;  and  the  excess  appears  as  sweat  on  the  skin, 
to  be  absorbed  by  the  clothing  without  evaporation,  or  to  be 
evaporated  slowly,  as  the  pressure  of  the  aqueous  vapour 
gradually  diminishes  in  consequence  of  diffusion. 

The  quantity  of  sweat  given  off  by  a  man  in  twenty-four 
hours  varies  so  much  that  it  would  not  be  profitable  to  quote 
here  the  numerical  results  obtained  under  different  conditions 
of  temperature  and  humidity  of  the  air.  It  Is  enough  to  say 
that  the  excretion  of  water  from  the  skin  is  of  the  same 
order  of  magnitude  as  that  from  the  kidneys :  a  man  loses 
upon  the  who!e  as  much  water  in  sweat  as  in  urine.  But  it 
is  to  be  carefully  noted  that  these  two  channels  of  outflow 
are  complementary  to  each  other;  when  the  loss  of  water  by 
the  skin  is  increased,  the  loss  by  the  kidneys  is  diminished, 
and  vice  versa. 

The  Influence  of  Nerves  on  the  Secretion  of  Sweat. — The 
sweat-glands  are  governed  directly  by  the  nervous  system  ; 
and  though  an  actively  perspiring  skin  is,  in  health,  a 
flushed  skin,  the  vascular  dilatation  is  a  condition,  and  not 
the  chief  cause  of  the  secretion.  Stimulation  of  the  peri- 
pheral end  of  the  sciatic  nerve  causes  a  copious  secretion  of 
sweat  on  the  pad  and  toes  of  the  corresponding  leg  of  a 
young  cat,  and  this  although  the  vessels  are  generally  con- 
stricted by  excitation  of  the  vaso-motor  nerves.  Not  only 
so,  but  when  the  circulation  in  the  foot  is  entirely  cut  off  by 
compression  of  the  crural  artery  or  by  amputation  of  the 
limb,  stimulation  of  the  sciatic  still  calls  forth  some  secretion. 
As  in  the  case  of  the  salivary  glands,  injection  of  atropia 
abolishes  the  secretory  power  of  the  sciatic,  while  leaving 
its  vaso-motor  influence  untouched;  and  pilocarpin  stimu- 
lates secretion  chiefly  by  direct  action  on  the  cells  of  the 
sweat-glands,  or  nerve  fibres  within  them. 

That  the  sweating  caused  by  a  high  external  temperature 
is  normally  brought  about  by  nervous  influence  and  not  by 
direct  action  on  the  secreting  cells,  is  shown  by  the  follow- 
ing experiments.  One  sciatic  nerve  is  divided  in  a  cat,  and 
the  animal  is  put  into  a  hot-air  chamber.  No  sweat  appears 
OD  the  foot  whose  nerve  has  been  cut,  but  the  other  feet  are 


* 


EXCRETION. 


359 


k. 


bathed  in  perspiration.  Similarly,  a  venous  condition  of 
the  blood  (in  dyspnoea)  causes  sweating  in  the  feet  whose 
nerves  have  not  been  divided,  but  none  in  the  other  foot  ; 
and  stimulation  of  the  central  end  of  the  cut  sciatic  has 
the  same  effect.  All  this  points  to  the  existence  of  a  reflex 
mechanism  ;  and  it  is  certain  that  dyspncea  acts  by  direct 
stimulation  of  the  centre  or  centres  ;  the  vaso-motor  centre 
is  at  the  same  time  stimulated,  and  the  bloodvessels  con- 
stricted, as  in  the  cold  sweat  of  the  death  agony.  Fear 
may  also  cause  a  cold  sweat,  impulses  passing  from  the 
cerebral  cortex  to  the  vaso-motor  and  sweat  centres. 

The  exact  position  and  number  of  the  sweat  centres  have 
not  been  settled ;  but  there  are,  at  least,  two  in  the  cat,  one 
for  the  fore  limbs  in  the  lower  part  of  the  cervical  cord,  and 
another  for  the  hind  limbs  where  the  dorsal  portion  of  the 
cord  passes  into  the  lumbar.  That  this  latter  centre  does 
not  exist  or  is  comparatively  inactive  in  man,  is  indicated 
by  the  following  case.  A  man  fell  from  a  window  and 
fractured  his  backbone  at  the  fifth  dorsal  vertebra.  The 
lower  half  of  the  body  was  paralysed  for  a  time,  but  recovered. 
Ultimately,  however,  the  paralysis  returned ;  and  shortly 
before  his  death  (twenty-one  years  after  the  accident)  it  was 
noticed  that  a  copious  perspiration  broke  out  several  times 
on  the  upper  part  of  the  body,  while  the  lower  portion 
remained  perfectly  dry. 

The  secretory  fibres  for  the  fore-limbs  (in  the  cat)  leave 
the  cord  in  the  anterior  roots  of  the  fourth  to  ninth  thoracic 
nerves,  pass  by  white  rami  communicantes  to  the  ganglion- 
stellatum,  where  they  are  all  connected  with  nerve-cells, 
then,  as  non-mcdullated  fibres,  gain  the  brachial  nerves 
by  the  grey  rami,  and  run  in  the  radial  and  ulnar  to  the 
pads  of  the  feet.  The  fibres  for  the  hind-limbs  leave  the 
cord  in  the  anterior  roots  of  the  twelfth  thoracic  to  the 
third  lumbar  nerves,  pass  by  the  white  rami  to  the  sympa- 
thetic ganglia,  in  which  they  form  connections  with  ganglion 
cells,  then,  as  non-medullated  fibres,  run  along  the  grey 
rami,  and  are  distributed  to  the  foot  in  the  sciatic. 

The  evidence  of  the  direct  secretory  action  of  nerves  oo. 
the  sweat  glands  is  singularly  striking  ai\d  comi^\€.\.ft/\t\  toxv- 
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trast  to  what  we  know  of  the  kidney.  In  the  latter,  blood- 
flow  is  the  important  factor;  increased  blood-flow  entails 
increased  secretion.  In  the  former,  the  nervous  impulse  to 
secretion  is  the  sprinj^  which  sets  the  machinery  in  motion  ; 
vascular  dilatation  aids  secretion,  but  does  not  generally  cause 
it.  It  would,  however,  be  easy  tc^lay  too  much  stress  on  this 
distinction,  for  in  the  horse  the  mere  dilatation  of  the  blood- 
vessels of  the  head  after  section  of  the  cervical  sympathetic 
has  been  found  to  be  accompanied  by  increased  secretion  of 
sweat,  and  urinary  secretion  can  certainly  be  affected  by  the 
direct  action  of  various  substances  on  the  secretory 
mechanism,  independently  of  vascular  changes.  But  the 
broad  difference  stands  out  clearly  enough,  and  the  reason 
of  it  lies,  perhaps,  in  the  essentially  different  purpose  of  the 
two  secretions.  The  water  of  the  urine  is  in  the  main  a 
vehicle  for  the  removal  of  its  solids ;  the  solids  of  the  sweat 
are  accidental  impurities,  so  to  speak,  in  the  water.  The 
kidney  eliminates  substances  which  it  is  vital  to  the  organism 
to  get  rid  of;  the  sweat-glands  pour  out  water,  not  because  it 
is  in  itself  hurtful,  not  because  it  cannot  pass  out  by  other 
channels,  but  because  the  evaporation  of  water  is  one  of  the 
most  important  means  by  which  the  temperature  of  the 
body  is  controlled.  In  short,  urine  is  a  true  excretion, 
sweat  a  heat-regulating  secretion.  No  hurtful  effects  are 
produced  when  elimination  by  the  skin  is  entirely  prevented 
by  varnishing  it,  provided  that  the  increased  loss  of  heat  is 
compensated.  A  rabbit  with  a  varnished  skin  dies  of  cold, 
as  a  rabbit  with  a  closely-clipped  or  shaven  skin  does ;  sup- 
pression of  the  secretive  function  of  the  skin  has  nothing  to 
do  with  death  in  the  first  case  any  more  than  in  the  second. 


PRACTICAL  EXERCISFvS  ON  CHAPTER  VI. 
Urine. 

For  most  of  the  experiments  human  urine  is  employed — in  the 
quantitative  work  the  mixed  urine  of  the  24  hours.  Urinemay  also 
be  obtained  from  animals.  In  rabbits  pressure  on  the  abdomen  wilt 
empty  the  bladder.     Dogs  may  be  taught  to  micturate  at  a  set  time  or 
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place,  or  kept  in  a  cage  arranged  for  the  collection  of  urine.     Or  a 
catheter  may  he  used  (p.  371). 

I.  Specific  Gravity. — Pour  the  urine  into  a  glass  cylinder,  and 
remove  froth,  if  necessary,  with  filter-paper.  Place  a  urinometer 
(Fig.  105)  in  the  urine,  and  see  that  it  does  not  come  in  contact 
with  the  side  of  the  vessel.  Read  otT  an  the  graduated  stem  the 
division  which  corresponds  with  the  bottom  of  the  meniscus.  This 
gives  the  specific  gravity. 

3.  Beactlon. — Test  with  litmus  paper.  Generally  the  litmus  is 
reddened,  but  occasionally  in  health  the  urine  first  passed  in  the 
morning  is  alkaline.  Sometimes  urine  has  an  amphicroic  reaction, 
i.e.^  affects  both  red  and  blue  litmus  paper.  This  is  the  case  when 
there  is  such  a  relation  between  the  tKises  and  acids  that  both  acid 
and  'neutral '  (dibasic)  phosphates  are  present.  The  acid  phosphate 
reddens  blue  litmus,  and  the  'neutral' phosphate  turns  red  litmus  blue. 

3.  Chlorides — {a)  Qualitative  Test. — Add  a  drop  of  nitric  acid  and 
a  drop  or  two  of  silver  nitrate  solution.  A  white  precipitate  soluble  in 
ammonia  shows  the  presence  of  chlorides.  The  nitric  acid  is  added 
to  prevent  precipitation  of  silver  phosphate. 

{b)  Quantitative  Estimation. — The  quantitative  estimation  of  the 
ehlorine  in  urine  without  previous  evaporation  and  incineration  is 
best  made  by  one  of  the  modifications  of 
Voliutrits  method.  It  depends  upon  the  com- 
plete precipitation  of  the  chlorine  combined 
with  the  alkaline  metals,  and  also  of  sulpho- 
cyanic  acid,  by  silver  from  a  solution  contain- 
ing nitric  acid  in  excess  ;  and  avoids  the  error 
introduced  into  simpler  methods,  like  Mohr's, 
by  the  union  of  some  of  the  silver  with  other 
substances  than  chlorine.  A  given  quantity  of 
a  standard  solution  of  silver  nitrate  (more  than 
sufficient  to  combine  with  all  the  chlorine)  is 
added  to  a  given  volume  of  urine.  The  excess 
of  silver  is  now  estimated  by  means  of  a 
standard  solution  of  ammonium  sulphocyanide, 
a  solution  of  the  double  sulphate  of  iron  and 
ammonium  (known  as  iron-ammonia-alum) 
being  taken  as  the  indicator,  since  a  ferric 
salt  does  not  give  the  usual  red  colour  with 
a  sulphocyanide  so  long  as  any  silver  in  the 
solution  is  uncombincd  whh  sulphocyanic  acid. 

To  carr)-  out  the  method,  put  10  cc.  of  urine,  which  must  l>e  free 
from  albumin,  in  a  stoppered  flask,  with  a  mark  corresponding  to 
100  cc.  Add  50  cc.  of  water,  4  cc.  of  pure  nitric  acid  (specific 
gravity  ra),  and  15  cc.  of  the  standard  silver  solution  (of  which 
I  cc.  corrcspond-s  to  'oi  gramme  NaCI,  or  '00607  gramme  C.'l); 
shake  well,  fill  with  water  to  the  mark,  and  again  shake.  After  the 
precipitate  has  settled,  fiUur  it  oiT.  Take  50  cc.  of  the  filtrate,  add 
S  cc.  of  a  concentrated  solution  of  iron-ammonia-alum,  and  run  in 
from  a  burette  the  standard  solution  of  ammonium   sulphocyanide 
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until  a  weak  but  pennanent  red  coloration  appears.     Two  cc  of 
sulphocyanide  solution  correspond  exactly  to  i  cc  of  tbe  Ag  sc^udai 
so  as  just  to  allow  of  the  end  reaction  with  the  iron  solution 
seen,  and  no  more. 

Suppose  X  cc  of  the  sulphocyanide  solution  are  required,  ihi 
the  chlorine  in  to  cc.  of  urine  evidently  corresponds  to  {15- 
0*01  gramme  N'aCl. 

4.  Phosphates— (0  Quaiitative  Tnts, — {a)  Render  the  urine  all 
line  with  ammonia.     A  precipitate  of  earthy   phosphates  (calcii 
and  magnesium  phosphates)  falls  down.     Filter,  and  to  tbe  filti 
add  magnesia  mixture  (a   mixture   of  sulphate  of  magnesium 
ammonia) ;  a  precipitate  shows  the  presence  of  alkaline  phosph. 
(sodium,  potassium,  or  ammonium  phosphates).     The  precipitate  is 
ammoniomagnesic  or  triple  phosphate.     C^)  Add  to  urine  half  iti 
volume  of  nitric  acid  and  a  little  molybdateof  ammonia,  and  heat.  A 
yellow  precipitate  of  ammonium  phospho-molybdate  shows  that  pi 
phates  are  present 

{2)  Quanliiativc  Estimaiion.—'\\\^  quantitative  estimation  of 
phoric  acid  in  urine  is  hcst  done  vol u metrically,  by  titration  with 
standard  solution  of  ammonium  acetate,  using  ferrocyanide  of  pous 
sium  as  the  indicator.  Uranium  acetate  gives  with  phosphates,  m  J 
solution  containing  free  acetic  acid,  a  precipitate  with  a  constant 
proportion  of  phosphoric  acid.  As  soon  as  there  is  more  uranium  m 
the  solution  than  is  required  to  combine  with  all  the  phosphoric  acid, 
a  brown  colour  is  given  with  potassium  ferrocyanide,  due  lo  the 
formation  of  uranium  ferrocyanide.  In  carrying  out  the  method 
5  cc.  of  a  mixture  of  acetic  acid  and  sodium  acetate  (there  arc 
lo  grammes  of  sodium  acetate  and  10  grammes  of  glacial  acetic  acid 
in  100  cc  of  the  mixture)  are  added  to  50  cc.  of  urine,  which  is 
then  heated  in  a  beaker  on  the  water-bath.  The  standard  uranium 
solution  (of  which  i  cc.  corresponds  lo  o"oo5  gramme  P;,Oj)  is  rww 
run  in  from  a  burette,  until  a  drop  of  the  urine  gives,  with  a  drop  of 
potassium  ferrocyanide  solution,  a  brown  colour. 

5.  Sulphates— (i)    QualihUive    Test. — ;\dd   to   urine   a  drop  of 
hydrochloric  acid  and  then  a  few  drops  of  barium  chloride.     A  white 
precit^itatc    comes    down,    showing    that    inorganic    sulphates  *^^ 
present     The  hydrochloric  acid  prevents  precipitation  of  the  pbi^^H 
phates.  ^H 

(2)  Quantitative  Estimation  of  the  Sulphuric  ^cid  united  rvU^ 
Inorganic  Bases. — Acidulate  100  cc.  of  albumin-free  urine  withacet)C 
acid,  add  excess  of  barium  chloride,  and  beat  on  the  waterbath 
till  the  precipitate  has  settled  ;  filter  through  an  ash-free  tilter, 
wash  the  precipitate  with  water,  with  dilute  HCl,  then  again  w'll" 
water.  Dry,  incinerate  in  a  platinum  dish,  and  weigh.  Krom 
the  weight  of  barium  sulphate  the  inorganic  sulphuric  acid  is  easily 
calculated. 

(3)  Quantitative  Estimation  of  the  Sulphuric  Acid  united  tPJti 
Aromatic  Bodies  {aiTomatic  or  organic  sul^jhuric  acid). — Add  10  ih*' 
filtrate  and  the  washings  from  (2)  a  little  HCl,  and  heat  in  ortI«  "^ 
break  up  the  aromatic  sulphates.     The  elements  of  water  are  ih"* 
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taken  up  by  these  salts ;  and  the  sulphuric  acid  is  able  to  unite  with 
the  barium.  Add  more  barium  chloride  if  necessary,  and  treat  the 
precipitate  as  before.  Its  weight  after  incineration  gives  the  (]uantity 
of  barium  sulphate  corresponding  to  the  sulphuric  acid  of  the  aromatic 
compounds, 

6.  Indoxyl  can  be  oxidized  into  indigo,  and  so  estimated. 
A  qualitative  test  is  the  following  :   10  cc.  of  strong  HCI  and  5  or 

6  drops  of  sodium  hypochlorite  are  put  into  a  l>eaker,  and  then 
mixed  with  10  cc.  of  horse's  urine;  a  blue  colour  appears  if,  as  is 
generally  the  case,  indoxyl  is  present,  indigo  (C]pH,(,N^,0.j)  being 
formed  by  the  oxidi/ing  action  of  the  hypochlorite  on  the  indoxyl, 
the  compound  of  which  with  sulphuric  acid  has  been  broken  up  by 
the  HCI.  If  too  much  hypochlorite  be  added,  the  indigo  is  itself 
oxidized;  therefore,  in  performing  the  test  in  human  urine,  which 
contains  a  smaller  quantity  of  the  indigo-forming  substance,  less 
hypochlorite  should  be  used,  or  the  urine  should  first  be  concen- 
trated. If  the  faint  blue  liquid  be  shaken  up  with  a  few  drops  of 
chloroform,  the  latter  takes  up  the  colour,  which  is  thus  rendered 
more  evident.  The  akatoxyl  of  urine  can  also  be  oxidized  to  indigo, 
but  it  is  present  in  far  smaller  amount.  The  average  quantity  of 
indigo  obtained  from  a  litre  of  horse's  urine  in  about  150  milli- 
grammes ;  from  a  litre  of  human  urine,  not  a  twentieth  of  that 
quantity. 

7.  Urea — (1)  Preparation. — Urea  can  be  obtained  from  dog's 
urine  by  evaporating  it  to  a  syrup,  extracting  with  absolute  alcohol, 
evaporating  most  of  the  alcohol,  and  allowing  the  mass  to  crystallize. 
Or  human  urine  may  be  concentrated  to  a  small  bulk,  cooled  to  o",  and 
mixed  with  excess  of  strong  pure  nitric  acid.  A  mass  of  rhombic  or  six- 
sided  tabular  crystals  of  nitrate  of  urea  separates.  From  the  nitrate, 
after  purification,  urea  itself  is  obtained  by  addition  of  barium 
carbonate  till  carbonic  acid  ceases  to  be  given  off.  ^Vhat  remains  is 
a  mixture  of  urea  and  barium  nitrate,  from  the  dr>'  residue  of  which 
urea  can  be  dissolved  out  by  alcohol  (Hoppe  Seyler). 

Urea  can  also  be  obtained  artificially  by  heating  its  isomer,  ammo- 
nium eyanate  (NH^-O-CN),  to  100'  C  This  reaction  is  of  great 
historical  interest,  as  it  forms  the  final  step  in  Wohlcr's  famous 
synthesis  of  urea,  the  first  example  of  a  complex  product  of  the 
activity  of  living  matter  being  formed  from  the  ordinary  materials  of 
the  laboratory. 

Urea  is  also  formed  when  ammonia  is  allowed  to  act  on  carbonyl 
chloride.     Thus  COCl.,  +  4NH,  =  C0.2(NH,)  +  sNH^Cl. 

(2)  Deeomposition  of  Urea.  —  Heated  dr>-  in  a  test-tube,  it  gives  o(T 
ammonia.  The  residue  contains  biuret,  which,  when  dissolved  in 
water,  gives  a  rose  colour,  with  a  trace  of  cupric  sulphate  and  excess 
of  caustic  soda.  Some  proteids — peptones  and  albumoses — in  the 
presence  of  the  same  reagents,  give  a  similar  colour,  the  so-called 
biuret  reaction. 

j         Heated  in  watery  solution  in  a  scaled  tube  to  180*  C,  urea  is 
entirely  split  up  into  carbonic  acid  and  ammonia,  a  change  which 

I    can  also  be  brought  about,  as  already  mentioned,  by  the  action  of 
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B.     In  H,  50  cc.  of  a  M>lotioa  made  by  addtag  >■!— iiwi  to 
»es  it&  volume  of  40  per  cent,  caasiac  sodi  sakMXM  bas  ak^adf 
I  placed.     The  cork  through  wbich  the  cm  1  inning  tabc  C  pases 
r  carefully  fixed  in  B.  the  gndnated  tube  D  is  immaatA  m  tkc 
ntatmed  in  the  qrlinder  E,  and  the  stopcock  F  bem^  0P^ 
the  level  of  the  water  in  it  is  read  oC    The  fMnwIgfc 
been  closed  to  the  air  and  opened  lo  Cabe  Q  the  bocie  B  s 
so  that  the  urine  in  the  thimble  is  gndaiflf  niied  villi  the 
lljrpc^iromite  solution,  and  the  oitragen  givea  off  is  added  to  the  air 
^  graduate  Cube  and  its  conisectiocis.     The  level  of  the  saaer 
lube  is  therefore  depressed.     When  gas  ceases  to  be  givca  o^ 
a  short  time  has  been  aDovcd  for  the  whole  to  oool,  the  tdbc 
used  till  the  level  of  the  water  is  once  more  the  sane  ioade  and 
The  level  is  again  read  off;  the  diflbcnce  of  the  two  nadnp 
>the  volume  of  nitrogen  at  the  teaapefatore  of  the  air  and  the 
netric  pressure. 

BrtJuiatton  of  the  Total  Hltiofm.— It  ts  often  motv  iayuiui 
Etermine  the  total  nitrogen  of  the  urine  than  the  okb  akoe; 
I  this  is  conveniently  done  by  Kjcldaht's  method  (or  wamt  waods^ 
of  it),  which  can  abo  be  applied  10  the  t*'''^*'*'^  of  the 
gen  in  the  faeces,  or  in  any  of  the  solids  or  liqaidi  of  the  bodj. 
de}>end5  on  the  oxidation  of  the  nitzogOMBS  ■aCDcr  ia  RKb  a 
By  that  the  nitrogen  is  all  represented  as  *««■«-*■      The  i 
;  thtn  distilled  over,  collected  and  estimated,  aod  Cron  its ; 
:  nitrogen  i&  easily  calculated.    In  urine  the  method  caa  be  earned 
by  adding  to  a  measured  quantity  of  it  isay  5  cc)  foar  ones 
volume  of  strong  sulphuric  aod.  arid  boUir^  in  a  famgacched 
sic  (capacity  200  cc)  for  half  an  hour,  after  the  addstioo  of  a^ofaale 
mercury  (about  o'l  cc),  which  hastens  oriditioo  aod  [WHiiMll 
bcraping.     The  nitrogen  is  now  alt  in  the  &*■  of  amanonia  aiated 
the  acids ;  and  the  next  step  is  to  replace  the  volatSe  alkali 
.  fixed  one,  and  to  distil  the  former  over.     Mute  the  licjuid  villi 
after  cooling,  up  to  about    150  cc-,  and  pour  into  a  bi^er 
eked  flask.     .\dd  enough  of  a  solution  of  canstic  soda  to 
Icr  the  liquid  alkaline,  avoiding  excess  as  this  £avom  bumpoig, 
proper  quantity  can  be  found  by  determining  beforehand  bow 
h  of  the  alkali  is  needed  to  neutralize  the  acid  used  for  oxidatioa. 
ke  the  fla^k  two  or  three  times.     Add  also  about  12  cc.  of  a 
_  oncentrated  solution  of  K^S  ( i  part  to  i  J  parts  water),  which  fovoan 
Ac  setting  free  of  the  ammonia.     Commercial  *  liver  of  sulphur  *  will 
do  ^uite  well.      Immediately  connect  the  distil  ling- Bask  with  the 
'cinn,  as  shown  in  tig.  107,  and  distil  the  ammonia  over  into  50  cc. 
(if  standard  (decinormal)  sulphuric  acid  contained  in  a  Rask  into  which 
I  glass  tube  connected  with  the  lower  end  of  the  worm  dips.     Heat  the 
\  distilling  flask  at  lirst  gently,  then  strongly,  and  boil  for  three-quarten 
of  an  hour.     Before  turning  out  the  flame,  uke  away  the  llask  with 
the  standard  acid,  to  prevent  any  of  it  being  sucked  back.      The 
•autttmia   is   now  alt   united   with   the    H^SO,.      The  quantity  of 
ciQitic  potash  required  to  neutralize  a  given  volume  of  this  sohitKMv, 
^Kfore  and  after  the    amwonia  has   been  passed  into  it,  V&  esu- 
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mated  by  titration ;  from  the  difference  the  amount  of  ammonia  i% 
calculated. 

In  titrating,  a  decinormal  solution  of  KHO  may  be  used  {it.,  a 
solution  containing  56  grammes  in  1000  cc),  and  the  strength  of 
this  solution,  as  well  as  of  the  decinormal  H^SO,  solution  may  ht 
controlled  by  titration  with  a  decinormal  solution  of  Na^COj  (5j 
grammes  in  1000  cc.)  or  of  oxalic  acid  (63  grammes  in  1000 ccL 
I  cc.  of  any  one  of  these  solutions  is  equivalent  to  i  cc.  of  any  other 
A  little  methyl  orange  solution  is  added  to  the  standard  HjS04  bcforf 
titration,  to  serve  as  indicator.  The  KHO  is  added  till  the  yeilot 
tinge  gives  place  to  a  permanent  but  just  recognisable  pink. 

9.  Uric  Acid— ^1)  Preparation.     Uric  acid  can  be  prepared  i 


Fig. 


107.— AttRANCEMENT  POK    DISTILLATION   IN    ESTIMATION  UP  TOTAL 
N ITKUUEN. 


pure  form  from  serpents'  excrement,  by  dissolving  it  in  dilute  caustic 
boda,  and  filtering.  The  filtrate  contains  sodium  urate,  which  is 
precipitated  hy  a  current  of  carbonic  acid.  The  uric  acid  is  set  free 
by  boiling  the  precipitate  with  dilute  hydrochloric  acid,  and  is 
deposited  as  a  colourless  crystalline  powder  on  cooling. 

(2)  Qiialitaiive  Tat  for  Uric  Add  —  Mure xidi  Test.~~K  small 
quantity  of  uric  acid  or  one  of  its  salts  is  heated  with  a  little  dilute 
nitric  acid.  The  colour  of  the  residue  left  by  evaporation  becomes 
yellow,  and  then  red,  and  on  the  addition  of  ammonia  changes  to 
deep  purple-red.  Caustic  potash  or  soda  changes  the  yellow  (o 
violet.  The  purple-rod  substance  is  murexide  or  ammonium  furfurste, 
which  is  also  formed  by  the  action  of  nitric  add  and  ammonia  on 


ine  (dimcthylvanthin),  the  alkaloid  of  cocxn, ; 
le  (trimethylxanthin),  the  alkaloid  of  tea  afMl  coffee. 
is)  Qu'iifi^t'fitr  Estimation — (a)  by  Prtiipitaiicn  and  li'eigflimg. — 
Ihc  add  is  precipitated  like  grains  of  cayenne  pepper  on  the  sides 
bottom  of  tbc  vessel  in  which  urine,  strongly  arirtnhtni  with 
h)'droch1oric  acid,  is  allowed  to  stand  for  foity-«^U  bonis. 
collecting  the  crystals  from  a  measured  quantity  of  arinc  (ny 
cc.  vith  lo  cc.  HCl  added)  on  a  filter,  dryii^  and  weighing 
ihem.  an  estimate  may  be  made  of  the  amount  of  uric  »3d  prescm 
fHeintz).  Notwithstanding  that  the  pigment  carried  down  with  the 
one  acid  is  added  to  the  weight  of  the  latter,  this  method  gives 
rtsults  somewhat  too  small,  as  a  portion  of  the  uric  add  is  Idl  in 
solution. 

ip)   The  SUver  Method  of  estimating  Uric  Acid, — Salkow^i  has 

iherelbre  devised  a  method  founded  on  the  precipitation  of  the  ttric 

acid  with  an  ammoniacal  silver  solution.     This,  in  one  or  other  of 

the  modttjed  forms  which  have  been  introduced  by  E.  Ludwig  and 

Haycnft    re  ,   is    probably  the    must   accurate   method  at 

pDcsenI  at  o  al ;  and  of  the  two  modifications  we  may  say 

that  Ladwig's  is  the  more  exact,  but   Haycraft's  the  kss  tcdioai. 

Hayctaft   takes  25  or.  of  urine,  adds  about  i  gramme  of  sodioa 

bicirfoonacer  then  ammonia,  and  then  ammoniacal  silver  ioiotion 

(made  bv  ..^.T^ni-  ammonia  to  a  dilute  solution  of  nitrate  of  siher). 

The  mv  piuite  of  urate  of  sih*er  and  aroroonioHnogpcshmi 

phospb<Ax^  i;>  iM>.n  washed  on  an  asbestos  filter,  dissoh'ed  in  nitric 

ictd,  and  the  silver  in  it  estimated  by  titration  with  ammonium 

aitpbocyanate  iVoHiard's  method).      On  the  assumptions  that  the 

itric  acid  combines  only  with  the  silver,  and  the  silver  only  with  the 

vric  add.  and  that  the  compound  formed  has  a  constant  composition. 

die  amount  of  silver  enables  us  to  calculate  the  quantity  of  uric  add 

present     These  assum[)lions.  however,  are  by  no  means  granted  by 

lU  chemists  who  have  studied  the  question. 

la  ^vAtiaiiL— ^vrr/j/d/rr//)',  kreatinin  may  be  recognised  in  Toy 

i  amounts  by  W^yPs  test.     A  few  drops  of  a  dilute  solution  of 

nitro-pnisside  are  added  to  urine,  and  then  dilute  caustic 

A  ruby-red  colour  api}ears,  which  soon  ttims  yellow.     If  the 

urne  is  now  acidified  with  acetic  acid  and  heated,  it  becomes  lirst 

ptenish  and  then  blue. 

Kreatinin  forms  crystalline  compounds  with  various  acids  and 
ttlts,  of  which  the  most  important  is  krcab'nin-zinc-chloride,  formed 
DO  the  addition  of  /.nClj  to  an  alcoholic  or  watery  solution  of  krcat- 
uitn,  often  in  the  shape  of  beautiful  thicJc-set  rosettes  of  needles. 
Neuhauer  has  tnadc  this  reaction  the  basis  of  a  method  for  the 
piMtitativf  estimation  of  kreatinin  (Fig.  97,  p.  334). 

II.  Hippuric  Acid. — From  horse's  or  cow's  urine  hippuric  acid  is 
iveptred  by  evaporating  to  a  small  bulk,  and  adding  strong  HCl- 
The  crystalline  precipitate  is  washed  with  cold  water,  then  dissolved 
m  hot  water,  and  filtered  hot.  Hippuric  ncid  separates  out  from  the 
filtrate  in  the  cold  in  the  form  of  long  four-sided  prisms  with  pyramidal 
Mdi    Heated  dry  in  a  test-tube,  the  crystals  melt,  and  benzene  aod 
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and  oily  drops  of  ben /.on  i  trite,  a  substance  with  a  snaeU  Uke 
oil  of  bitter  almonds,  are  formed. 


ABNORMAL   SUBSTANCES   IN    URINE. 


12.  Proteidii — {1)  Qualitativt  Tests. — (a)  Boil  and  add  a  fe» 
drops  of  nitric  acid.  A  precipitate  on  boiling,  increased  or  not 
affected  by  the  acid,  shows  the  presence  of  coagulable  proteidi 
(serum-albumin  or  globulin).  A  precipitate  of  earthy  pbospbiM 
sometimes  forms  on  boiling.  It  can  be  distinguished  from  a  pR- 
cipitate  of  proteids  by  dissolving  on  the  addition  of  acid. 

{h)  /feller's  Test — Put  some  nitric  acid  in  a  test-tube.  Post 
carefully  on  to  the  surface  of  the  acid  a  little  urine.  .\  while  ring  it 
the  junction  of  the  liquids  indicates  the  presence  of  albumin,  globulin 
(or  albumose  ?).  When  this  test  is  performed  with  undiluted  tuine^ 
uric  acid  may  be  precipitated  and  cause  a  brown  colour  at  the  junctioa 
A  similar  ring  may  be  found  in  the  absence  of  proteids  when  the  test 
is  made  on  the  urine  of  a  patient  who  has  been  taking  copaiba. 

{c)  Filter  some  urine,  and  add  to  the  filtrate  excess  of  acetic  add 
and  a  few  drops  of  potassium  ferrocyanide.  If  proteids  are  presents 
precipitate  forms. 

{d)  Test  /or  Globulin  in  Urine. — Serum  globulin  probably  nera 
occurs  in  urine  apart  from  serum-albumin.  It  may  be  detected  b; 
Kauder's  test  Make  the  urine  alkaline  with  ammonia,  let  it  staad 
for  an  hour  and  fitter.  Half  saturate  the  filtrate  with  anunonium 
sulphate,  />.,  add  to  it  an  equal  volume  of  a  saturated  solution  of 
ammonium  sulphate.  Serum  globulin  is  precipitated,  serumalbumin 
is  not. 

{e)  TestforA/bumosein  Urine  {Albumosuria). — Coagulable  proteids 
are  removed  by  boiling  the  urine  (acidulated  if  necessary),  and  filtering 
off  the  precipitate  if  any.     The  filtrate  is  neutralized.     If  a  funkt 
precipitate  falls  down  it  is  filtered  off,  the  clear  filtrate  is  heated  it)^ 
beaker  placed  in  a  boiling  water-bath,  and  saturated  with  cr)*suils  o* 
ammonium  sulphate.     A  precipitate  indicates  that  albumoses  {pro- 
teoses) are  present     A  slight  precipitate  might  possibly  be  due  to  the 
formation  of  ammonium  urate.     A  further  lest  may  be  peri'ormed  on 
the  original  urine  if  it  is  free  from  coagulable  proteids,  or  on  tba 
filtrate  after  their  removal.     .'Xdd  a  few  drops  of  pure  nitric  acid.    11 
albumoses  are  present,  a  precipitate  is  thrown  down  which  disappean 
on  heating,  and  reappears  on  cooling  the  test-tube  at  the  cold-wata 
tap. 

(/)  Test  /or  Peptone  in  Urine  {Peptonuria). — Place  some  of  thi 
urine  in  a  beaker  on  a  boiling  water- bath  for  jo  minutes,  amj 
saturate  with  ammonium  sulphate  crj'stals.  Then  boil  over  a  smal 
flame  or  in  an  air-balh  for  half  an  hoiu-.  .Ml  the  proteids,  includini 
peptones,  are  precipitated.  But  thcpcptoncs  can  still  lie  redissolvec 
by  water,  the  others  not.  Filter  hot.  Wash  the  precipitate  on  lh< 
filter  with  a  boiling  saturated  solution  of  ammonium  sulphate.     Tba 
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CI  the  residue  with  cold  water»  filter,  and  test  the  filtrate  by  the 

t  lest  (addition  of  verj*  dilute  cupric  sulphate  and  excess  of 

!tic  soda).     A  rose   colour   indicates  the  presence  of  peptone 

(2)    Quitft/i'/iifnv    Estimation     of    Coa^IabU    Proieids    {Serum- 

^bmmin  and  Glvbuiin) — Ui)  Gravimetric'  Me fh^jd.—HcaX.  50  to  loc 

ftbe  urine  to  boiling,  adding  a  dilute  solution  (2  per  cent.)  of 

tic  acid  by  drops  as  long  as  the  precipitate  seems  to  be  increased. 

T  through  a  weighed  filler.     Wash  the  precipitate  on  the  filter 

hot  water,  then  with  hot  alcohol,  and  finally  with  ether.     Dry 

I  air-bath  at  tio^  C,  and  weigh  between  watch  glasses  of  known 

gbt. 

ib)  Method  of  Roieris  and  Stolnikow  {modified  by  BrandSerg). — 
This  method  is  founded  on  the  fact  that  the  time  taken  for  the  white 
nng  to  appear  in  Heller's  test  depends  on  the  proportion  of  coagulable 
proieid  present  It  has  been  found  that  when  i  part  of  albumin  is 
contained  in  30,000  parts  of  an  albuminous  .solution  (00033  P^^ 
nL),  the  ring  appears  in  2J  to  3  minutes.  The  amount  of  dilution 
urine  which  is  necessary  to  delay  the  formation  of  the  ring  for 
length  of  time  is  what  has  to  be  determined.  To  do  this, 
as  follows :  Dilute  a  portion  of  the  urine  (say  5  ca)  ten 
that  is,  add  to  it  9  times  its  volume  of  distilled  water  (45  cc.) 
a  burette.  Place  some  pure  nitric  acid  in  a  test-tube  with  a 
e,  taking  care  not  to  wet  the  sides  of  the  test-tube  with  the 
Now  run  on  to  the  surface  of  the  nitric  acid  some  of  the 
urine,  and  note  the  interval  that  elapses  before  formation 
^of  the  white  ring.  If  it  is  more  than  3  minutes,  the  diluted  urine 
contains  less  tlian  1  port  in  30,000,  and  the  undiluted  urine  less 
than  I  pan  in  3,000  {i.e.  less  than  '033  per  cent.)  of  coagulable 
protdd,  and  the  experiment  must  be  repeated  with  urine  diluted 
w  a  smaller  extent.  If  the  ring  appears  after  a  shorter  interval 
tbu  3  minutes,  the  diluted  urine  contains  more  than  1  part  in 
30,000  (the  original  urine  more  than  033  per  cent),  and  must  be 
further  diluted.  Fill  a  burette  with  the  diluted  urine.  Run  i  cc.  of 
t  into  a  test-tube  and  add  9  cc.  of  distilled  water.  Repeat  the 
Ust  with  this  second  dilution.  If  the  ring  appears  at  a  longer 
iaicrral  than  3  minutes,  the  twice-diluted  urine  contains  less  than 
I  part  of  albumin  in  30,000,  and  the  original  undiluted  urine  less 
ilun  1  part  in  300,  />.,  less  than  033  per  cent  So  far,  then, 
vc  have  found,  let  os  suppose,  that  the  proportion  of  albumin  in  the 
ottginal  urine  lies  between  0033  arki  0*33  per  cent  Now  run  1  cc 
of  the  unnc  of  the  first  dilution  (the  urine  diluted  ten  times)  into 
a  test-tube,  axid  add  4  cc  of  distilled  water,  f>,,  dilute  again  five 
lunes.     If  this  gircs  the  white  ring  in  Heller's  test  in  3  minutes,  the 

•iginal  tnine  will  cootain  1  part  of  albumin  in  -    -      ,  i.e..  in  600 

10x5 

pMt^  or  o'i6  per  cent     If  the  interval  is  longer  or  shorter  than 

ywimtueSt  the  arinc  of  the  first  dilution  (1  to  10)  roust  be  diluted 

oi  or  more  than  five  times  until  the  inter\'al  aroounls  to  abouX 

3  wintt    The  total  diJuiion  corresponding  to  a  percentage  o\  o'QO^t^ 

a* 
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of  albumin  is  thus  known,  and  the  percentage  in  the  undiluted  urine 
can  be  easily  calculated 

13.  Sugar — (i)  Qualitativt  Tests — {a)  Trommtf^s  Test. — Seep.  325. 
It  is  to  be  remarked  that  some  substances  present  in  small  amount 
in  normal  urine  reduce  cupric  sulphate,  t,g.^  uric  acid  and  krcatinin, 
but  this  action  is  so  slight  that  it  can  cause  no  error  in  the  test,  as 
usually  performed.  Glycuronic  acid,  which  is  said  to  occur  even  in 
normal  urine  in  ver)'  slight  traces,  and  which  also  reduces  cupric 
salts,  appears  in  considerable  amount  after  the  administration  of 
chloroform,  chloral,  nitro-loluol  and  other  substances. 

{p)  Phenyl-hydrazine  7<ry/.— This  test  depends  upon  the  fact  thai 
phenyl-hydrazine  forms  with  sugars  such  as  glucose,  maltose,  isomal- 
tose,  etc.,  characteristic  crystalline  substances  (phenyl-glucosazone, 
phenyl-maltosazone>  etc)  which  can  be  recognised  under  the  micro- 
scope, and  are  distinguished  from  each  other  by  melting  at  di^erent 
temperatures.  To  perform  the  test  for  glucose  in  the  urine,  proceed 
thus:  Put  5  cc.  of  urine  in  a  test  tube,  add  'twice  as  much  hydro- 
chlorate  of  phenyl-hydrazine  as  will  lie  on  the  point  of  a  knife-blade ' 
(v.  Jaksch),  and  one  and  a  half  limes  as  much  sodium  acetate  as  is 
taken  of  the  phenyl-hydrazine  salt.  Heat  the  test-tube  in  a  boiling 
water-bath  for  half  an  hour.  Then  cool  at  the  tap  and  examine  the 
yellow  crystalline  deposit  under  the  microscope  {Plate  IV.,  3).  Very 
minute  traces  of  sugar  can  be  delected  in  this  way. 

(2)  Quantitative  £stimation  0/ Sugar  in  Urine. -^{a)  Volumttri^atty^ 
the  sugar  can  be  estimated  by  titration  with  Fehling's  solution.  .\s 
this  docs  not  keep  well,  two  solutions  containing  its  ingredients 
should  be  kept  separately  and  mixed  when  required.  Soiution  I. : 
Dissolve  34*64  grammes  pure  cupric  sulphate  in  distilled  water,  and 
make  up  the  volume  to  500  cc.  Solution  II. :  Dissolve  173  grammes 
Rochelle  salt  in  400  cc.  of  water,  add  to  this  51*6  grammes 
sodium  hydrate,  and  make  up  the  volume  with  water  to  500  cc 
Keep  in  well  stoppered  bottles  in  the  dark.  For  use  mix  t(^ether 
equal  volumes  of  the  two  solutions.  Ten  cc.  of  this  mixture  is 
reduced  by  005  gramme  dextrose.  To  estimate  the  sugar  in  urine, 
put  ID  cc.  of  the  mixture  into  a  porcelain  capsule  or  glass  flask,  and 
dilute  it  four  or  five  times  with  distilled  water.  Dilute  some  of  the 
urine,  say  ten  or  twenty  times,  according  to  the  quantity  of  sugar 
indicated  by  a  rough  determination.  Run  the  diluted  urine  from 
a  burette  into  the  Fehling's  solution,  bringing  it  to  the  boil  each 
time  urine  is  added,  until,  on  allowing  the  precipitate  to  settle,  the 
blue  colour  is  seen  to  have  entirely  disappeared  from  the  supernatant 
liquid. 

Suppose  that  10  cc.  of  Fehling's  solution  is  decolourized  by  20  cc.  of 
the  ten-times  diluted  unne.  Then  2  cc.  of  the  original  urine  contains 
0*05  gramme  dextrose.  If  the  urine  of  the  twenty-four  hours  (from 
which  this  sample  is  assumed  to  have  been  taken)  amounts  to 
4.000  cc,  the  patient  will  have  passed  005x2,000  =  100  grammes 
sugar  in  twenty-four  hours. 

\b)  The  polaritneter  affords  a  rapid  and  delicate  means  of  esti- 
mating the  quantity  of  sugar  in  pure  and  colourless  solutions,  but 


PRACTICAL  EXERCISES, 


37« 


urine  must  in  general  be  first  decolourized  by  adding  lead 
IKfate  and  filtering  off  the  precipitate. 

la  examining  urine  it  is  convenient  to  adopt  a  regular  plan,  so 
B  to  avoid  the  risk  of  overlooking  an>thing  of  importance.  The 
IciUowtng  simple  scheme  may  serve  as  an  example  j  but  no  routine 
ifaould  be  slavishly  followed,  the  object  being  to  get  at  the  important 
bets  Kith  the  minimum  of  labour  : 

J.  Anything  peculiar  in  colour  or  smell  ?  If  colour  suggests  blood, 
aamine  with  spectroscope ;  if  it  suggests  bile,  test  for  bile-pigments. 
(Sec  pp.  49,  $2.  318.) 

s.  Reaction. 

3.  Sediment  or  not  ?  If  the  appearance  of  the  sediment  suggests 
anything  more  than  a  little  mucus,  examine  with  microscope. 

4.  Specific  gravity. 

5.  Quantity  of  urine  in  twenty-four  hours.  If  quantity  abnormally 
hige  and  specific  gravity  high,  test  for  sugar. 

6.  Inorganic  constituents  not  generally  of  clinical  importance,  but 
in  special  diseases  they  should  l>e  examined — €.g.j  chlorides  in 
pneumonia. 

7.  Normal  organic  constituents.  Quantitative  estimation  of  urea 
in  fever,  and  often  in  diabetes  and  Bright's  disease. 

8.  Chemical  examination  for  abnormal  J  c  , 

organic  comiitucnis.  |  '^^^\i^  and  pigments. 

H  14.  CatlxeterisBL  —  In    many    physiological     experiments    it    is 

Hfecxssary  to  obtain  urine  from  the  bladder  by  means  of  a  catheter. 

RV  most  suitable  form  for  animals  is  the  flexible  vulcanised  rubber 

tubes,  which   are   also  often  employed  in  man.     It   is  practically 

impo^ible  to  pass  a  catheter  into  the  bladder  of  a  male  dog,  and  a 

bitch  should  be  used  for  such  experiments.     Even  in  the  bitch  the 

opening  of  the  urethra  lies  entirely  concealed  within  the  vagina,  much 

deeper  than  the  cul  de-sac  in  the  mucous  membrane,  into  which  the 

beginner  usually  tries  to  force  the  catheter.     For  a  first  attempt  the 

animal  should  be  etherised  and  fastened  on  a  holder.     The  little  or 

index   finger   of  the   left  hand   is  passed  into  the  vagina  till   the 

symphysis  jmbis  can  be  felt.     A  little  below  this  is  the  opening  of  the 

omhra.     With  the  right   hand   the    point  of  a  flexible  catheter  of 

^ilible  calibre  is  directed  along  the  finger,  and  after  a  little  *  guess  and 

thai '  it  slips  into  the  bladder,  its  entrance  being  announced  by  the 

tscapc  of  urine. 

When  the  animal  is  to  be  used  in  a  long  series  of  experiments  an 

^     opoition  is  sometimes  performed  first  of  all  to  render  the  urethral 

orifice  more  accessible. 
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We  return  now  to  the  products  of  digestion  as  they  are 
absorbed  from  the  alimentary  canal,  and,  still  assuming  a 
typical  diet  containing  proteids,  carbo-hydrates  and  fats,  we 
have  to  ask,  What  is  the  fate  of  each  of  these  classes  of 
proximate  principles  in  the  body  ?  what  does  each  contribute 
to  the  ensemble  of  vital  activity?  It  will  be  best,  first  of 
all,  to  give  to  these  questions  what  roughly  qualitative 
answer  is  possible,  then  to  look  at  metabolism  in  its  quanti- 
tative relations,  and  lastly  to  focus  our  information  upon 
some  of  the  practical  problems  of  dietetics. 

I.  Metabolimn  of  Proteids. — The  two  chief  proteids  of  the 
blood-plasma,  serum-globulin  and  serum-albumin,  must,  as 
has  been  already  pointed  out,  be  recruited  from  proteids 
absorbed  from  the  intestine  and  for  the  most  part  altered  in 
their  passage  through  the  epithelium  which  lines  it.  What 
at  bottom  the  reason  and  the  mechanism  of  this  alteration 
are^  we  do  not  know ;  but  we  do  know  that  it  is  imperative 
that  peptone  (or  at  least  albumose),  should  not  appear  in 
quantity  in  the  blood,  for  when  injected  it  causes  profound 
changes  in  that  liquid,  one  expression  of  which  is  the  loss  of 
its  power  of  coagulation,  and  is  rapidly  excreted  by  the 
kidneys,  or  separated  out  into  the  lymph.  It  is  not 
definitely  known  whether  the  peptones  formed  in  digestion 
yield,  under  the  influence  of  the  epithelial  cells,  both  the 
chief  proteids  of  the  blood  in  the  proportions  in  which  they 
exist  in  the  plasma,  or  only  one  of  them,  which  is  after\v'ards 
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4nd  elsewhere  partially  changed  into  the  other.  However 
ihis  may  be,  it  cannot  be  doubted  that  the  conversion  of 
peptones,  directly  or  indirectly,  into  the  proteids  of  the 
Wood-plasma  forms  the  first  recognisable  step  in  the  trans- 
fcrmation  of  the  greater  part  of  the  digested  proteids. 

Ihiag  and  Dead  Proteida. — Now  and  again  a  living  proteid 
oolecule  in  the  whirl  of  flying  atoms  which  we  call  a  muscle-fibre  or 
*  gbnd-cell  or  a  nerve-cell,  falls  to  pieces.  Now  and  again  a 
noteoile  of  proteid,  hitherto  dead,  coming  within  the  grasp  of  the 
notecular  forces  of  the  living  substance,  is  caught  up  by  it,  takes  on 
Kspeculiar  motions,  acquires  its  special  powers,  and  is,  as  wc  phrase 
it,  nude  alive.  But  it  is  not  any  dilTerence  in  the  kind  of  proteid 
;  which  determines  whether  a  given  molecule  shall  become  a  |jart  of 
j  cw  tissue  rather  than  of  another.  For  it  is  from  the  serum-albumin 
^^od  serum-globulin  of  the  blood  that  all  the  proteid  material  required 
^■k)  repair  the  waste  of  the  body  must  ultimately  be  derived ;  and  a 
^Rutide  of  serum-albumin  may  chance  to  take  its  place  in  a  liver-cell 
^Bml  help  to  form  bile,  while  an  exactly  similar  particle  may  become 
^*  constituent  of  an  endothelial  scale  of  a  capillary  and  assist  in 
fofming  lymph,  or  of  a  muscular  fibre  of  the  heart  and  help  to  drive 
00  the  blood,  or  of  a  spermatozoon  and  aid  in  transferring  the 
peculiarities  of  the  father  to  the  offspring.  Indeed,  .although  there 
ir«  differences  of  detail,  the  broad  lines  of  nutrition  are  the  same  for 
all  ttssues ;  and  just  as  a  tomb  or  a  lighthouse,  a  palace  or  a  church, 
■uy  be,  and  has  been  built  with  the  same  kind  of  material,  or  even  in 
SQCccssion  with  the  very  same  stones,  so  every  organ  builds  up 
fa  own  characteristic  structure  from  the  common  quarry  of  the 
blood. 

In  the  case  of  the  more  highly  developed  tissues  at  least, 
no  mere  change  of  food  will  radically  alter  structure ;  a 
cell  may  be  fed  with  different  kinds  of  food,  it  may  be  over- 
fed, it  may  be  ill-fed,  it  may  be  starved ;  but  its  essential 
peculiarities  remain  as  long  as  it  continues  to  live.  But  in 
proportion  as  the  advance  of  physiology  has  emphasized 
tbe  dominant  position  of  organization,  it  has  taken  away 
the  hope  of  our  ever  being  able  to  understand  in  what  it  is 
that  the  difference  between  the  living  and  the  dead  cell, 
between  living  and  dead  proteid,  or  protoplasm,  really 
consists. 

The  speculation   of  PflQger,  that  the  nitrogen   of  living 

proteid  exists  in   the  form  of  cyanogen  radicals,  whilst  in 

.proteid  it  is  in  the  form  of  amides,  and  that  ihft ca.\x% 
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of  the  characteristic  instability  of  the  living  substance — its 
prodigious  power  of  dissociation  and  reconstruction — is  the 
great  intramolecular  movement  of  the  atoms  of  the 
cyanogen  radicals,  is  very  interesting  and  ineenious,  but  it 
remains,  and  is  likely  to  remain,  a  speculation.  And  the 
same  is  true  of  the  suggestion  of  Loew  and  Bokorny,  that 
the  endowments  of  living  protoplasm  depend  on  the  presence 
of  the  unstable  aldehyde  group  H-C  =  0.  Nor  do  the 
known  differences  of  chemical  composition  in  dead  organs 
give  any  insight  into  the  pecuharities  of  organization  and 
function  which  mark  off  one  living  tissue  from  another. 
For  so  far  as  they  do  not  depend  upon  differences  in  the 
dead  plasma  which  interpenetrates  the  living  substance, 
they  only  show  that  the  latter  does  not  split  up  quite  in  the 
same  way  at  death  in  all  the  tissues,  while  the  general 
similarity  in  the  elementary  composition  of  excitable 
structures  leaves  us  free  to  imagine  as  great  or  as  small  a 
similarity  as  we  please  in  the  grouping  of  the  atoms  in  the 
living  combinations.  Be  this  as  it  may,  the  living  proteid 
molecule,  whatever  function  it  may  have  been  fullilling  in 
the  organised  elements  of  the  body,  has  certainly  a  much 
greater  tendency  to  fall  to  pieces  than  the  dead  proteid 
molecule.  And  it  falls  to  pieces  in  a  fairly  definite  way,  the 
ultimate  products,  under  the  influence  of  oxygen,  being 
carbonic  acid,  water  and  comparatively  simple  nitrogen- 
containing  substances,  which  after  further  changes  appear  in 
the  urine  as  urea,  uric  acid,  hippuric  acid,  kreatinin  and 
ammonia.  We  have  no  definite  information  as  to  the  pro- 
duction of  water  from  the  hydrogen  of  the  tissues,  except 
what  can  be  theoretically  deduced  from  the  statistics  of 
nutrition  (p.  406).  A  few  words  will  be  said  a  little  farther 
on  about  the  production  of  carbonic  acid  from  proteids; 
we  have  now  to  consider  the  seat  and  manner  of  forma- 
tion of  the  tiitrogenous  metabolites.  And  since  in  man 
and  the  other  mammals  urea  contains  by  far  the  greater 
part  of  the  excreted  nitrogen,  it  will  be  well  to  take  it 
first. 

Formation  of  XTrea. — The  starting-point  of  all  inquiries  into 
the  formation  of  urea  is  the  fact  that  it  occurs  in  the  blood. 
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*lthouph  in  very  small  quantities  (2  to  .4  parts  per  10,000). 

Evidently*  then,  somc^  at  least,  of  the  urea  excreted  in  the 

Brine  may  be  simply  separated  by  the  kidney  from  the 
blood;  and  analysis  shows  that  this  is  actually  the  case^  for 
the  blood  of  the  renal  vein  is  poorer  in  urea  than  that  of 

le  renal  arter^'.  If  we  knew  the  exact  quantity  of  blood 
passing  through  the  kidneys  of  an  animal  in  twenty-four 
hours,  and  the  average  difference  in  the  percentage  of  urea 
in  the  blood  coming  to  and  leaving  them,  we  should  at  once 
be  able  to  decide  whether  the  whole  of  the  urea  in  the  urine 
reaches  the  kidneys  ready  made,  or  whether  a  portion  of  it 
is  formed  by  the  renal  tissue.  Although  data  of  this  kind 
are  as  yet  too  inexact  and  too  incomplete  to  enable  us, 

Eprithout  other  evidence,  absolutely  to  say  that  all  the  urea 
|l  simply  separated  by  the  kidney,  it  is  not  difficult  to  see, 
from  such  rough  measurements  as  have  been  made,  that 
this  IS  at  least  possible,  if  not  probable. 
If  wc  take  the  weight  of  the  kidneys  of  a  dog  of  35  kilos  at 
»6o  grammes  <jnjth  of  the  body  weight  is  the  mean  result  of  a  great 
number  of  observations  in  man),  and  the  average  quantity  of  blood 
in  tbem  at  rather  less  than  one-fourth  of  ihcir  weight,  or  35  grammes, 
A&d  consider  that  this  quantity  of  blood  passes  through  them  in  the 
Wengctimc  required  to  complete  the  circulation  from  renal  artery  to 
TmI  vein,  or,  say,  ten  seconds,  we  get  about  300  kilos  of  blood  as 
t!>e  flow  through  the  kidneys  in  iwcniy-four  hours.  At  "3  per  1,000, 
iheorea  in  300  kilos  of  blood  would  amount  to  90  grammes.     Now, 

tVw  found  that  a  dog  of  35  kilos  body-weight  on  the  minimum  proieid 
irt  (500  grammes  lean  meat  per  day)  which  sufficed  to  maintain 
Ih  weight,  excreted  40  grammes  urea  in  the  twenty-four  hours.  If, 
fccn,  the  renal  epithelium  separated  somewhat  less  than  half  of  the 
^  grammes  urea  offered  to  it  in  the  circulating  blood,  the  whole 
Bmrtion  in  the  urine  could  be  accounted  for,  and  the  blood  of 
ttc  renal  vein  would  still  contain  more  than  half  as  much  urea  as 
Uui  of  the  renal  artery.  So  that  the  whole  of  the  urea  in  the  urine 
^'^  '>e  simply  separated  by  the  kidney  from  the  ready  made  urea  of 

But  it  is  necessary  .to  add  that  urea  »w>  be 'formed  to  a 
srnall  extent  in  the  kidney  itself;  for  when  blood  is  caused 
to  circulate  through  an  excjsed  *  surviving  '  kidney,  urea 
accumulates  in  it  to  a  certain  extent,  and  apparently  in 
renter  amount  than  can  be  accounted  for  on  the  supposi- 
tion that  it  is. merely  washed  out  of  the  secreting  cells. 
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Another  line  of  evidence  leads  us  to  the  same  conclusion: 
that  the  kidney  is,  at  all  events,  not  an  important  seat  of 
urea-formation.  When  both  renal  arteries  are  tied,  or  both 
kidneys  extirpated,  in  a  dog,  urea  accumulates  in  the  blood 
and  tissues  ;  and,  upon  the  whole,  as  much  urea  seems  to 
be  formed  during  the  first  twenty-four  hours  of  the  short 
period  of  life  which  remains  to  the  animal  as  would  under 
normal  circumstances  have  been  excreted  in  the  urine. 

Where,  then,  h  urea  ckicfiy  formed?  We  should  naturally 
look  first  to  the  muscles,  which  contain  three-fourths  of  the 
proteids  of  the  body;  but  we  should  look  there  in  vain  for 
urea — not  a  trace  is  normally  present.  The  liver  contains  a 
relatively  large  amount,  and  there  is  very  strong  evidence 
that  it  is  the  manufactory  in  which  the  greater  part  of  the 
nitrogenous  relics  of  broken-down  proteids  reach  the  final 
stage  of  urea.  This  evidence  may  be  summed  up  as 
follows : 

(i)  An  excised  'surviving*  liver  forms  urea  from  ammonium 
carbonate  mixed  with  the  blood  passed  through  its  vessels, 
while  no  urea  is  formed  when  blood  containing  ammonium 
carbonate  is  sent  through  the  kidney  or  through  muscles. 
It  is  difficult,  in  the  light  of  this  experiment,  to  resist  the 
conclusion  that  the  increase  in  the  excretion  of  urea  in  man. 
when  salts  of  ammonia  are  taken  by  the  mouth,  is  due  to  a 
similar  action  of  the  hepatic  cells. 

(2)  If  blood  from  a  dog  killed  during  digestion  is  i>erfused 
through  an  excised  liver,  some  urea  is  formed,  which  cannot 
be  simply  washed  out  of  the  liver-cells,  because  when  the 
blood  of  a  fasting  animal  is  treated  in  the  same  way  there  » 
no  apparent  formation  of  urea  (v.  Schroeder).  This  suggests 
that  during  digestion  certain  substances  which  the  liver  is 
capable  of  changing  into  urea  enter  the  blood  in  such 
amount  that  a  surplus  remains  for  a  time  unaltered.  These 
substances  may  come  directly  from  the  intestine;  or  they 
may  be  products  of  general  metabolism,  which  is  increased 
while  digestion  is  going  on ;  or  they  may  arise  both  in  the 
intestine  and  in  the  tissues.  Leucin — which,  as  we  have 
seen,  is  constantly,  or,  at  least,  very  frequently,  present  in 
the   intestine  during  digestion — can  certainly  be  changed 
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into  area  in  the  body,  and  there  is  every  reason  to  believe 
tJut  the  change  takes  place  in  the  liver. 

ft)  Uric  acid — which  in  birds  is  the  chief  end-product  of 
proleld  metabolism,  as  urea  is  in  mammals — is  formed  in 
the  goose  largely,  and  almost  exclusively,  in  the  Hver.  This 
Jiu  been  most  clearly  shown  by  the  experiments  of  Min- 
kowski, who  took  advantage  of  the  communication  between 
the  portal  and  renal-portal  veins  (p.  2S1)  to  extirpate  the 
liver  in  geese.  When  the  portal  is  ligatured  the  blood  from 
iheaiimentar)'  canal  can  still  pass  by  the  roundabout  road 
of  the  kidney  to  the  inferior  cava,  and  the  animals  survive 
for  six  to  twenty  hours.  While  in  the  normal  goose  50 
to  60  per  cent,  of  the  total  nitrogen  is  eliminated  as  uric 
acid  in  the  urine,  and  only  g  to  18  per  cent,  as  ammonia, 
in  the  operated  goose  uric  acid  represents  only  3  to  6  per 
cent,  of  the  total  nitrogen,  and  ammonia  50  to  60  per  cent. 
A  quantity  of  lactic  acid  equivalent  to  the  ammonia  appears 
in  Ihe  urine  of  the  operated  animal,  none  at  all  in  the  urine 
of  the  normal  bird.  The  small  amount  of  urea  in  the 
Donnal  urine  of  the  goose  is  not  affected  by  extirpation  of 
theli\'er.  And  while  urea,  when  injected  into  the  blood,  is 
in  the  normal  goose  excreted  as  uric  acid,  it  is  in  the  animal 
that  has  lost  its  liver  eliminated  in  the  urine  unchanged. 

(4)  In  acute  yellow  atrophy,  and  in  extensive  fatty  de- 
generation of  the  Hver,  urea  may  almost  disappear  from 
the  urine,  and  be  replaced  by  leucin  and  tyrosin. 

If  it  be  granted,  as  in  the  face  of  the  evidence  it  must, 
that  the  liver  plays  an  important  part  in  the  formation  of 
•*rea,  we  have  still  to  ask  what  the  materials  are  upon  which 
it  works,  and  in  what  organs  they  are  formed  before  being 
t>rought  to  the  liver.     To  the  latter  question  it  may  be  at 
once  replied   that   proteid   metabolism,  although   its   final 
stages  may  be  worked  out  in  the  hepatic  cells,  must  go  on 
in  all  the  organized  elements  of  every  tissue.     The  living 
Bobstance  everywhere  contains  proteid ;    proteid  is  every- 
where and  at  all   times  breaking  down.     In  the  muscles 
•specially  nitrogenous  substances  on  the  road  to  urea  must 
be  constantly   produced.     Can  we   lay  our   finger  on   any 
loch  intermediate  substances  ?     Can  we  with  certainly  stal^ 
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that  any  of  the  separate  links  of  the  chain  of  proteid 
metaboh'sm,  except  the  first  and  the  last,  have  actually 
been  discovered,  identified,  and  labelled?  The  answer  is 
that  a  whole  series  of  bodies  containing  nitrogen,  simpler 
than  proteids  and  with  a  greater  proportion  of  oxygen,  more 
complex  and  less  oxidized  than  urea,  has  been  found  in 
muscle  and  other  tissues  ;  but  we  cannot  say  definitely  that 
any  or  all  of  them,  aUhough  they  are  undoubtedly  stages 
in  the  downward  course  of  worn-out  proteids,  have  arisen 
the  one  from  the  other,  or  must  necessarily  pass  into  the 
form  of  urea  before  being  finally  excreted. 
Such  substances  are : 


Guanin,  CaH^NaO  

Sarkin,  or  hypoxanlhin,  C^H^N^O 
Xanlhin,  QH^NA         

Uric  add,  CiH,N^Oa        

KreatiD,  C^HaN-jOj^         


In  the  pancreas,  liver,  and 
muscles. 

In  spleen,  liver,  muscles,  and 
bone-marrow. 

In  spleen,  liver,  muscles, 
brain,  pancreas,  and  in  the 
urine. 

In  liver,  spleen,  lungs,  pan- 
creas, brain,  and  in  urine. 

In  muscles,  blood,  brain. 


The  increase  in  the  proportion  of  oxygen  from  guanin  to 
uric  acid  is  very  striking,  and  particularly  the  regular  series 
formed  by  hypoxanthin,  xanthia  and  uric  acid ;  and  Bunge 
has  suggested  that  the  first  three  may  be  stages  on  the  \vay 
to  uric  acid  or  urea.  But  kreatin  is  the  substance  of  this 
class  which  exists  in  greatest  amount  in  the  body,  muscle 
containing  from  o'z  to  0*4  per  cent,  of  it ;  and  the  total 
quantity  of  nitrogen  present  at  any  given  time  as  kreatin 
is  not  only  greater  than  that  of  the  nitrogen  present  in  urea, 
but  greater  than  the  whole  excretion  of  nitrogen  in  twenty- 
four  hours.  To  kreatin,  then,  we  should  naturally  look  first, 
among  all  these  nitrogenous  metabolites,  in  our  search  for 
a  forerunner  of  urea.  But  there  is  a  difficulty  in  accepting 
it  as  such,  for  although  in  the  laboratory  kreatin  can  be 
changed  into  kreatinin,  and  kreatinin  into  urea,  there  is  no 
proof  that  in]  the  body  anything  more  than  the  first  step  in 
this  process  is  accomplished.  When  kreatin  is  introduced 
into  the  intestine,  it  appears  in  the  urine,  not  as  urea,  but 
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kreatinin  ;  injected  into  the  blood,  it  is  excreted  without 
n^  by  the  kidneys,     Uric  acid  is,  indeed,  ver\'  closely 
ited  to  area,  and  can  be  made  to  yield  it  by  oxidation 
Mtside  the  body.     Not  only  so,  but  it  is  excreted  as  urea 
in  given  to  a  mammal  by  the  mouth,  and  it  replaces 
as  the  great  end-product  of  nitrogenous  metabolism 
lost  wholly  in  the  urine  of  birds  and  reptiles,  partially 
the  human  subject  in  leuka-mia,  and  possibly  to  some 
Dt  in  gout.     But  none  of  these  things  can  be  admitted 
evidence   that  in   the  normal  metabolism  of  mammals 
acid  lies  on  the  direct  line  from  proteid  to  area. 
Then,  again,  the  amido-acids,  leucin,  glycin  and  aspara- 
amc  acid,  when  given  by  tfie  mouth,  increase  the  output 
urea,  so  that  the  leucin  formed  in  the  intestine  during 
ion  is  probably,  in  part  at  least,  a  precursor  of  urea, 
since  leucin  and  tyrosin  are  very  widely  spread  in  the 
ids  and  liquids  of  the  body,  it  has  been  asserted  that  the 
lido-acids  are  the  form  in  which  nitrogen  leaves  the  tissues 
be  converted  into  urea  in  the  liver.     But  it  is  against  this 
that  there  is  not  enough  carbon  in  proteids  to  convert 
ir  nitrogen  into  amido-acids  (Bunge).    Lea  has  suggested 
the  amido*acidsand  the  amidated  aromatic  acid,  tyrosin, 
ve  quite  another  significance  than  that  of  intermediate 
ps  in  the  downward  metabolism  of  proteids — that  they 
destined,   in  fact,  to  take  part   in    synthetic  processes 
thin  the  liver — that  they  are  on  the  up,  and  not  on  the 
,  grade.     And  he  points  out,  in  support  of  this  view, 
even  when  the  urea  in  the  urine  is  increased  by  the 
linistration  of  these  bodies,  the  increase  does  not  cor- 
ipond  to  the  whole  of  their  nitrogen :  a  part  of  it  is  there- 
devoted  to  other  purposes  in  the  body. 
The  conclusion  of  the  whole  matter  is  that,  if  anyone 
(»oses  to  assert  that  the  proteids  of  the  rissues  fall  by  a 
jle  descent  nearly  to  the  stage  of  urea,  there  is  as  yet  little 
evidence  to  contradict  him.   What  is  certain  is  that /rom 
tissues,  and  notably  from  mtiscU,  the  nitrogen  does  not  pass 
in  the  form  of  urea,  titat  it  appears  in  the  uritte  mainly  as 
iNtt,  and  that  the  chayigc  is  effected  to  a  large  extent,  but  not 
mfusivffy,  in  tht  liver. 
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Uric  acid,  like  urea,  is  separated  from  the  blood  by  the 
kidneys,  not  to  any  appreciable  extent  formed  in  them.  In 
birds  it  can  be  detected  in  normal  blood  ;  in  man  in  the 
blood  and  transudations  of  gouty  patients,  in  whose  joints 
and  ear-cartilages  it  often  forms  concretions.  *  Chalk- 
stones  '  may  contain  more  than  half  their  weight  of  sodium 
urate.  The  spleen  yields  a  small  quantity  of  uric  acid, 
which  may  be  increased  by  blowing  air  through  a  mixture 
of  splenic  pulp  and  calf's  blood.  The  fantastic  theory  that 
the  presence  of  uric  acid  in  large  amount  in  the  urine  of 
birds  was  due  to  deficiency  of  oxidation  is  happily  now 
defunct,  and  need  not  detain  rs  here. 

Hippnric  acid  can  undoubtedly  be  produced  in  the  kidney. 
If  an  excised  kidney  is  perfused  with  blood  containing 
benzoic  acid,  or,  better,  benzoic  acid  and  glycin,  hippnric 
acid  is  formed.  In  herbivora  no  hippurtc  acid  exists  in  the 
blood  ;  it  is  present  in  large  quantities  in  the  urine ;  it  must 
therefore  be  manufactured  in  the  kidney,  not  merely  separated 
by  it.  It  is  not  known  how  the  nitrogenous  glycin,  which 
combines  with  the  benzoic  acid  derived  from  vegetable  food, 
appears  on  the  spot  where  it  is  wanted  to  form  hippuric 
acid,  since  glycin  has  not  been  found  anywhere  in  the  tissues. 
It  is,  however,  a  constituent  of  glycocholic  acid,  and  may  be 
derived  from  that  part  of  the  bile  which  is  reabsorbed. 

Kreatinin  can  be  so  readily  obtained  from  kreatin  out- 
side the  body  that  it  is  very  tempting  to  suppose  that  the 
kreatinin  of  the  urine  is  manufactured  by  the  kidney  from 
the  kreatin  of  muscle  carried  to  it  by  the  blood.  It  seems, 
however,  more  likely  that  some,  at  any  rate,  of  the  kreatinin 
of  the  urine  is  derived  from  ready-formed  kreatin  in  the  food. 
But  we  have  little  definite  knowledge  on  the  subject. 

Formation  ofCO^/romProteids. — We  cannot  say  whether 
carbonic  acid  is  normally  produced  at  the  moment  when 
the  nitrogenous  portion  of  the  proteid  molecule  splits  oflf, 
or  whether  a  carbonaceous  residue  may  not  still  hang 
together  and  pass  through  further  stages  before  the  carbon 
is  fully  oxidized.  We  shall  see  that  under  certain  condi- 
tions some  of  the  carbon  of  proteids  may  be  retained  in 
the  body  as  glycogen  or  fat ;  and  this  suggests  that  in  all 
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k  may  run  through  intermediate  products  as  yet 
vn,  before  being  finally  excreted  as  carbonic  acid. 
Ketaboliim  of  Carbo-hydr  ates — Olycogea.  —  The  carbo' 
of  the  foody  passing  into  the  blood  of  the  portal  vein 
y^  form  of  dextrose,  are  in  part  arrested  in  the  liver,  and 
itortd  up  as  glycogen  in  the  hepatic  cells,  to  he  gradually  given 
Ht  again  as  sugar  in  the  intervals  of  digestion.  The  proof  of 
this  statement  is  as  follows  : 

Sugar  is  arrested  in  the  liver,  for  during  digestion,  espe- 
cially of  a  meal  rich  in  carbo-hydrates,  the  blood  of  the 
portal  contains  more  sugar  than  that  of  the  hepatic  vein.  Id 
the  liver  there  exists  a  store  of  sugar- producing  material  from 
which  sugar  is  gradually  given  off  to  the  blood,  for  in  the 
internals  of  digestion  the  blood  of  the  hepatic  vein  contains 
more  sugar  {2  parts  per  1,000)  than  the  mixed  blood  of  the 
body  or  than  that  of  the  portal  vein  (i  to  i'5  part  per  1,000), 
And  when  the  circulation  through  the  liver  is  cut  off  in  the 

■  goose,  sugar  rapidly  disappears  from  the  blood  (Minkowski). 

■  The  nature  of  the  sugar-forming  substance  is  made  clear  by 
P^  the  following  experiments  :  (i)  A  rabbit  after  a  large  carbo- 
hydrate meal,  of  carrots  for  instance,  is  killed,  and  its  liver 
rapidly  excised,  cut  into  small  pieces,  and  thrown  into  acidu- 
lated boiling  water.  After  being  boiled  for  a  few  minutes, 
the  pieces  of  liver  are  rubbed  up  in  a  mortar  and  again 
hoiled  in  the  same  water.  The  opalescent  aqueous  extract  is 
filtered  off  from  the  coagulated  proteids.  No  sugar,  or  only 
traces  of  it,  are  found  in  this  extract ;  but  another  carbo- 
liydrate,  glycogen,  an  isomer  of  starch  giving  a  port-wine 
colour  with  iodine  and  capable  of  ready  conversion  into 
sugar  by  amylolytic  ferments,  is  present  in  large  amount. 
U)  The  liver  after  the  death  of  the  animal  is  left  for  a  time 
'« liiu,  or,  if  excised,  is  kept  at  a  temperature  of  30**  to  40*  C, 
or  for  a  longer  period  at  a  lower  temperature;  it  is  then 
treated  exactly  as  before,  but  no  glycogen,  or  comparatively 

Kettle,  can  now  be  obtained  from  it,  although  sugar  (dextrose) 

Kb  abundant.     The  inference  plainly  is  that  after  death  the 

^fcepatic  glycogen  is  converted  into  dextrose  by  some  influence 

which  is  restrained  or  destroyed  by  boiling.     This  influence 

may  be  due  to  an  unformed  ferment  or  to  the  direct  actvou  o^ 
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the  liver-cells,  for  both  unformed  ferments  and  living  tissue 
elements  are  destroyed  at  the  temperature  of  boiling  water. 
And  the  post-mortem  change  is  to  be  regarded  as  an  index 
of  a  similar  action  which  fjoes  on  during  life:  sugar  in  the 
intact  body  is  changed  into  glycogen  ;  glycogen  is  constantly 
being  changed  into  sugar.    (See  Practical  Exercises,  p.  454.) 

(3)  With  the  microscope,  glycogen,  or  at  least  a  substance 
which  is  very  nearly  akin  to  it,  which  very  readily  yields  it, 
and  which  gives  the  characteristic  port-wine  colour  with 
iodine,  can  be  actually  seen  in  the  liver-cells.  The  liver  of 
a  rabbit  or  dog  which  has  been  fed  on  a  diet  containing 
much  carbo-hydrate  is  large,  soft,  and  very  easily  torn.  Its 
large  size  is  due  to  the  loading  of  the  cells  with  a  hyaline 
material,  which  gives  the  iodine  reaction  of  glycogen,  and  is 
dissolved  out  by  water,  leaving  empty  spaces  in  a  network 
of  cell-substance.  If  the  animal,  after  a  period  of  starvation^ 
has  been  fed  on  proteid  alone,  only  a  little  glycogen  is  found 
in  the  shrunken  liver-cells;  if  the  diet  has  been  wholly 
fatty,  no  glycogen  at  all  may  be  found. 

In  the  liver-cells  of  the  frog  in  winter-time,  a  great  deal 
of  this  hyaline  material— this  glycogen,  or  perhaps  loose 
glycogen  compound — is  present ;  in  summer,  little  or  none. 
The  difference  is  very  remarkable  if  we  consider  that  in 
winter  frogs  have  no  food  for  months,  while  summer  is 
their  fccding-time  ;  and  at  first  seems  inconsistent  with 
the  doctrine  that  the  hepatic  glycogen  is  a  store  laid  up 
from  surplus  sugar,  which  might  otherwise  be  swept  into 
the  general  circulation  and  excreted  by  the  kidneys.  But  it 
has  been  found  that  the  'summer'  condition  of  the  hepatic 
cells  can  be  produced  merely  by  raising  the  temperature  of 
the  air  in  which  a  winter  frog  lives ;  at  20"  or  25"  C. 
glycogen  disappears  from  its  liver.  Conversely,  if  a  summer 
frog  is  artificially  cooled,  a  certain  amount  of  glycogen 
accumulates  in  the  liver.  The  meaning  of  this  seems  to  be 
that  at  a  low  temperature,  when  the  wheels  of  life  are 
clogged  and  metabolism  is  slow,  some  substance,  possibly 
dextrose,  is  produced  in  the  body  in  greater  amount  than 
can  be  used  up,  and  that  the  surplus  is  stored  as  glycogen  ; 
just  as  in  plants  starch  is  put  by  as  a  reserve  which  can  be 
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H  drawn  "upon — ^which  can  be  converted  into  sugar — when  the 

V  leed  arises. 

I       When  a  fasting  dog  is  made  to  do  severe  muscular  work 

f     ^ycogen  soon  disappears  from  its  liver.     When  a  dog  is 

starved  but  allowed   to   remain  at   rest,  the  glycogen   still 

vanishes,  although  it  takes  a  longer  time ;  and  at  a  period 

when  there  is  still  plenty  of  fat  in  the  body,  there  may  not 

be  a  trace  of  hepatic  glycogen  left.     The  glycogen  which  is 

Dsoally  contained  in  the  muscles  also  disappears  early  during 

hunger.      These   facts   have   been   taken   to   indicate   that 

glycogen   and    the  sugar   formed   from  it  are  the  readiest 

resources  of  the  starving  and  working  organism.     The  fat 

of  the  body  is  a  good  security,  which,  however,  can  only  be 

gradually  realised ;    its  organ-proteids  are  long-date  bills, 

which    will    be    discounted    sparingly   and   almost    with    a 

grudge;  its  glycogen,  its  carbo-hydrate  reserves,  are  consols, 

which  can  be  turned  into  money   at  an  hour*s   warning. 

Glycogen  is  drawn  upon  for   a  sudden  demand,  fat  for  a 

steady  drain,  proteid  for  a  life-and-death  struggle. 

While  the  liver  in  the  adult  may  thus  be  looked  upon  as 

Ac  main  storehouse   of  surplus   carbo-hydrate,   depots   of 

glycogen  seem  to   be  formed,  both  in 

adult  and  foetal  life,  in  other  situations 

^lierethe  strain  of  function  or  of  growth 

IS  exceptionally  hea\'y — in  the  muscles 

of  the  adult  (0-3  to  0-5  per  cent,  of  the 

ttioisi  muscle),  in  the  placenta,  in  the 

developing  muscles  of  the  embryo  (as 

"iiQch  as  40  per  cent,  of  the  solids). 
...         ,    '.  ^   .        ,      .^    ,  .1     ^     Fig.  108.— Cells  OP  Pla- 

Although  It  cannot  be  doubted  that      centa  containing  Glv- 

iriDch  of  the  hepatic  glycogen  leaves  the  «»'='<' 
liver  as  sugar,  there  is  no  proof  that  it  all  does  so.  It  is 
l^iown  that  fat  may  be  formed  from  carbohydrates  (p.  jgi) ; 
3Qd  globules  of  oil  are  often  conspicuous  among  the  contents 
of  liver-cells,  side  by  side  with  glycogen.  It  is  possible, 
llierefore,  that  sonie  of  the  glycogen  may  represent  a  half- 
way house  between  sugar  and  fat,  or,  since  fat  can  also  be 
formed  from  proteid,  and  a  purely  proteid  diet  produces 
some  glycogen,  a  half-way  house  between  proteid  and  I'aX... 
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That  glycogen  may  be  produced  from  proteids  even  doring^ 
starvation  is  shown  by  the  following  experiment :  A  hsimg 
animal  was  put  under  the  influence  of  str^'chnia  to  remove 
all  glycogen  from  the  liver.  Then  the  strjchnia  spasms 
were  cut  short  by  chloral,  and  the  animal  allowed  to  sleep 
for  eighteen  hours.  At  the  end  of  that  time  a  considerable 
amount  of  glycogen  was  found  in  the  liver  and  muscles, 
and  this  must  have  come  from  the  proteids  of  the  body. 

Pavy  has  put  forward  the  heterodox  view  that  the  glycogen  fonned 
in  the  liver  from  the  sugar  of  the  portal  blood  is  never  reconverted 
into  sugar  under  normal  conditions,  but  is  changed  into  some  other 
substance  or  substances,  and  he  denies  that  the  post  mortem  formation 
of  sugar  in  the  hepatic  tissue  is  a  true  picture  of  what  takes  place  during 
life.  But  in  spite  of  the  brilliant  manner  in  which  be  has  defended  th:« 
thesis  both  by  argument  and  by  experiment,  it  must  be  said  that  the 
older  doctrine  of  Bernard,  which  in  the  main  we  have  followed 
above,  is  supported  by  such  a  cloud  of  modern  vimcsses  that  it  secim 
to  be  Brmly  and  finally  established. 

Fate  of  the  Sugar. — What,  now,  is  the  fate  of  the  sugar 

which  either   passes  right  through  the   portal   circulatioD 

from   the  intestine  without   undergoing  any  change  in  the 

liver,  or  is  gradually  produced  from  the  hepatic  glycogen? 

When  the  proportion  of  sugar  in  the  blood  rises  above  a 

certain  low  limit  (about  3  or  4  parts  per  1,000),  some  of 

it  is  excreted  by  the  kidneys  (Practical  Exercises,  p.  455). 

A  large  meal  of  carbohydrates  is  frequently  followed  by  1 
temporarj'  glycosuria,  but  something  seems  to  depend  upon  the  forra 
in  which  the  sugar-forming  material  is  taken.  Miura,  for  example, 
after  an  enormous  meal  of  rice  (equivalent  to  6-4  grammes  ash-  wd 
water-free  starch  per  kilo  of  body-weight),  which,  as  he  menliot*5, 
tasked  even  his  Japanese  powers  of  digestion  to  dispose  of,  found  not 
a  trace  of  sugar  in  the  urine.  Glucose,  cane  sugar  and  lactose,  on 
the  other  hand,  when  taken  in  large  amount,  were  in  part  excreted 
by  the  kidneys,  as  was  also  the  case  with  levulose  and  maltose  in* 
dog  (Practical  Exercises,  p.  455). 

But,  except  as  an  occasional  phenomenon,  such  an 
cretion  is  inconsistent  with  health  ;  and  therefore  in 
normal  body  the  sugar  of  the  blood  must  be  either  destroyed 
or  transformed  into  some  more  or  less  permanent  constituent 
of  the  tissues.  The  transformation  of  sugar  into  fat  we  have 
already  mentioned,  and  shall  have  again  to  discuss  ;  it  only 
takes  place  under  certain  conditions  of  diet,  and  no  more 
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a  small  proportion  of  the  sugar  which  disappears  from  th& 
body  in  twenty-four  hours  can  ever,  in  the  most  favourable 
circumstances,  be  converted  into  fat.  Accordingly,  it  is  the 
dtstruciion  of  sugar  which  concerns  us  here,  and  there  is 
every  reason  to  believe  that  this  takes  place,  not  in  any 
particular  organ,  but  in  all  active  tissues,  especially  in  the 
muscles,  and  to  a  less  extent  in  glands. 

It  has  been  asserted  that  the  blood  which  leaves  even  a 
resting  muscle,  or  an  inactive  salivary  gland,  is  poorer  in  sugar 
than  that  coming  to  it ;  and  the  conclusion  has  been  drawn 
that  in  the  metabolism  of  resting  muscle  and  gland  sugar  is 
oxidised,  the  carbon  passing  off  as  carbonic  acid  in  the 
venous  blood.  This  is  indeed  extremely  likely,  for  we  know 
that  when  the  skeletal  muscles  of  a  rabbit  or  guinea-pig  are 
cut  off  from  the  central  nervous  system  by  curara,  the  pro- 
duction of  carbonic  acid  falls  much  below  that  of  an  intact 
animal  at  rest ;  and  the  carbon  given  off  by  such  an  animal 
on  its  ordinary  vegetable  diet  can  be  shown,  by  a  compari- 
son of  the  chemical  composition  of  the  food  and  the  excreta, 
to  come  largely  from  carbo-hydrates.  But,  considering  the 
relatively  feeble  metabolism  of  muscles  and  glands  when 
not  functionally  excited,  the  large  volume  of  blood  which 
passes  through  them,  the  difficulty  of  determining  small 
differences  in  the  proportion  of  sugar  in  such  a  liquid,  the 
possibility  that  even  in  the  blood  itself  sugar  may  be 
destroyed,  or  that  it  may  pass  from  the  blood,  without  being 
oxidized,  into  the  lymph,  too  much  weight  may  easily  be 
given  to  the  results  of  direct  analysis  of  the  in-coming  and 
out-going  blood.  And  although  the  recent  results  of 
Chauveau  and  Kaufmann,  obtained  in  this  way,  fit  in  fairly 
well  with  what  we  have  already  learnt  by  less  direct,  but 
more  trustworthy,  methods,  they  cannot  be  accepted  as 
yielding  exact  quantitative  information.  They  found  that  in 
one  of  the  muscles  of  the  upper  jaw  of  the  horse  the  quantity 
of  grape-sugar  used  up  during  activity  (chewing  movements) 
was  3*5  times  as  much  as  in  the  same  muscle  at  rest,  and 
this  corresponded  with  the  deficit  of  oxygen  in  the  blood 
entering  the  muscle,  and  with  the  excess  of  carbonic  acid  in 
the  blood  leaving  it.     More  dextrose  was  a\so  d&sVto^e.^  m 
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the  active  than  in  the  passive  parotid  gland  of  the  horse, 
but  the  excess  per  unit  of  weight  of  the  organ  was  far  less 
than  in  muscle. 

Diabetes. — In  the  disease  known  as  diabetes  mcUitus^  sugar 
accumulates  in  the  blood,  and  is  discharged  by  the  kidneys, 
and  it  has  been  supposed  that  a  derangement  in  the  gly- 
cogenic function  of  the  liver  is  the  cause  of  this  accumula- 
tion and  of  this  discharge.  An  artificial  and  temporarj' 
diabetes,  in  which  the  sugar  in  the  urine  undoubtedly  arises 
from  the  hepatic  glycogen,  can,  indeed,  be  caused  by  punc- 
turing the  medulla  oblongata  in  a  rabbit  at  or  near  the 
region  of  the  vaso-motor  centre  (p.  455).  If  the  animal  has 
been  previously  fed  with  a  diet  rich  in  carbo-hydrates — that 
is,  if  it  has  been  put  under  conditions  in  which  the  liver  con- 
tains much  glycogen — the  quantity  of  sugar  excreted  by  the 
kidneys  will  be  large.  If,  on  the  other  hand,  the  animal  has 
been  starved  before  the  operation,  so  that  the  liver  is  free  or 
almost  free  from  glycogen,  the  puncture  will  cause  little  or 
no  sugar  to  appear  in  the  urine.  That  nervous  influences 
are  in  some  way  involved  is  shown  by  the  absence  of 
diabetes  if  the  splanchnic  nerves,  or  the  spinal  cord  above 
the  third  or  fourth  dorsal  vertebra,  be  cut  before  the 
puncture  is  made.  But  sometimes  these  operations  are 
themselves  followed  by  temporary  diabetes.  Section  of  the 
va;;;i  has  no  effect  either  in  causing  glycosuria  of  itself  or  in 
preventing  the  *  puncture  '  diabetes,  although  stimulation  of 
the  central  ends  of  these  and  of  other  afferent  nerves  may 
cause  sugar  to  appear  in  the  urine.  Curara,  morphia, 
phlorizidin  (p.  455).  and  other  substances,  also  cause  diabetes. 
Kut  phlorizidin  diabetes  differs  from  'puncture'  diabetes  in 
this,  that  it  can  be  produced  in  an  animal  free  firom  glycogen, 
and  is  accompanied  by  extensive  destruction  of  proteids. 
Although  several  of  the  operations  which  lead  to  this 
temporary  glycosuria  undoubtedly  bring  about  changes  in 
the  hepatic  circulation,  it  is  as  yet  impossible  to  say  whether 
the  whole  phenomenon  is  at  bottom  a  vaso-motor  effect,  or 
is  due  to  direct  nervous  stimulation  of  the  liver-ceils,  or  to 
withdrawal  of  such  stimulation  or  control. 

Recent  experiments  point  to  the  pancreas  as  intimately 
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cooccrned  in  the  metabolism  of  sugar.  Excision  of  this 
wpn  in  dogs  causes  permanent  diabetes  (v.  Mering  and 
A/inicowski),  which  is  prevented  if  a  portion  of  the  pancreas 
6e  left,  or  if  it  be  transplanted  under  the  skin  of  the 
aWomen  (p.  415). 

Iq  the  natural  diabetes  of  man  it  is  possible  that  in  some 

cases  the  sngar  coming  from  the  alimentary  canal  passes 

entirely  or  in  too  large  amount  through  the  liver,  owing  to 

J  deficiency  in  its  power  of  forming  glycogen.     But  it  is 

remarkable   that   levulose  may  be  entirely  used  up  in  the 

tissues  of  a  diabetic  patient,  or  of  a  dog  rendered  diabetic 

ly  extirpation  of  the  pancreas,  while  dextrose,  which  is  so 

iscly  allied  to  it,  and  from  which  an  identical  form  of 

lycogen  is  produced,  is  promptly  cast  out  by  the  kidneys. 

'And  in  many  cases  when  carbo-hydrates  are  completely,  or 

almost  completely,  omitted  from  the  food,  sugar,  probably 

|*trived  from  the  breaking-down  of  proteids,  still  continues 
lo  be  excreted,  although  in  smaller  quantity.  The  most 
puiooal  way  of  explaining  many  of  the  facts  of  diabetes  is 
to  suppose  that,  from  some  change  in  the  tissue  elements, 
«tigar  has  ceased  to  be  a  food  for  them,  or  is  used  up  in 
smaller  amount  than  in  the  healthy  body,  while  the  actual 
i'TOdQction  of  sugar  is  no  greater  than  in  a  normal  person 
tnth  the  same  diet  and  the  same  intensity  of  metabolism  of 
sol»stanccs  other  than  carbohydrates. 

ttornial  blood  seems  to  contain  a  ferment  which  has  the  power  of 

<i^;^oying  sugar  and   forming  lactic  acid  ;    and   the    statement  of 

,'ine  and  Barral  that  extirpation  of  the  pancreas,  which  is  followed 

ties,  causes  a  diminution  in  the  activity  or  in  the  amount  of 

ncnt,  appeared  to  afford  the  basis  for  a  theory  of  diabetes. 

Spitzer  has  asserted  that  the  sugar-destroying  power  of  blood 

^en  from  diabetic  patients,  or  from  animals  in  which  glycosuria 

Oil  been  caused  by  phlorizidin,  is  not  at  all  inferior  to  that  of  healthy 

'ood.     And,  indeed,  results  that  depend  upon  the  determination  of 

lainote  difierences  in  the  quantity  of  sugar  must  be  accepted  with 

^Jtterve. 

H  3.  Ketabolifiin  of  Fat. — The  fat,  passing  along  the  thoracic 
Hkict  into  the  blood  stream,  is  very  soon  removed  from  the 
^bculation,  for  normal  blood  contains  only  traces  except 
^^oring  digestion.     Where  does  it  go  ?     What  is  its  fate? 
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The  presence  of  adipose  tissue  in  the  body  might  suggea 
a  ready  answer  to  these  questions.  The  fat  cells  of  adipos 
tissue  are  apparently  ordinary  fixed  connective-tissue  cell! 
which  have  become  filled  with  fat,  the  protoplasm  bein^ 
reduced  to  a  narrow  ring,  in  which  the  nucleus  is  set  like  a 
stone.  It  would,  at  first  thought,  seem  natural  to  suppose 
that  the  fat  of  the  food  is  rapidly  separated  by  these  ceils 
from  the  blood,  and  slowly  given  up  again  as  the  needs  of 
the  organism  require,  just  as  carbo-hydrate  is  stored  in  tbe 
liver  for  gradual  use.  And  it  has  been  found  that  a  lezn 
dog,  fed  with  a  diet  containing  much  fat  and  little  proteid» 
puts  on  more  fat,  as  estimated  by  direct  analysis,  or  keeps 
back  more  carbon,  as  estimated  by  measurements  of  the 
respiratory  interchange,  than  can  be  accounted  for  on  the 
supposition  that  even  the  whole  of  the  carbon  of  the  broken- 
down  proteid  corresponding  to  the  excreted  nitrogen  hu 
been  laid  up  in  the  form  of  fat.  Even  with  a  diet  of  pure 
fat — and  with  sucli  a  diet  digestion  and  absorption  are 
carried  on  under  unfavourable  conditions — more  carbon  is 
retained  than  can  have  come  from  the  metabolism  of  the 
proteids  of  the  body,  as  measured  by  the  nitrogen  given  off 
in  the  urine  and  faeces  :  the  fat  passes  rapidly  from  tbe 
blood  into  the  or^^ans,  and  especially  into  the  liver  (Hofmann. 
Pettenkofer  and  Voit).  It  is  thus  certain  that  some  of  the 
absorbed  fat  may  be  stored  up  as  fat  in  the  body.  The 
observation  of  Radziejewski,  that  a  starved  dog  fed  with 
lean  meat  and  rape-oil — which  contains  erucic  acid,  a  fatty 
acid  not  found  in  animal  fat — put  on  fat  of  normal  com- 
position without  a  trace  of  erucic  acid,  is  not  borne  out  h)' 
the  careful  experiments  of  Munk.  who  finds  that  when  dog* 
are  fed  with  excess  of  foreign  fat  (linseed  oil,  rape  oil,  mutton 
fat),  a  fat  is  laid  down  which  is  quite  different  from  dog's 
fat,  and  has  the  greatest  resemblance  to  the  fat  of  the  food. 
But  it  does  not  follow  that  the  cells  of  adipose  tissue  in 
normal  nutrition  simply  separate  the  fats  of  the  food  from  ( 
the  blood  ;  while  there  are  facts  which  show  that  the  fetoi 
the  body  has  other  sources,  and  that  some  of  it  at  all  eveflttj 
is  produced  by  more  complex  processes. 

The  fat  of  a  dog  consists  of  a  mixture  of  palmitin>o]B 
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and  stearin.  When  a  starved  dog  was  fed  on  lean  meat  and 
a  fat  containing  palmitin  and  olein,  but  no  stearin,  the  fat 
put  on  contained  all  three,  and  did  not  sensibly  differ  in  its 
composition  from  the  normal  fat  of  the  dog  (Subbotin). 
Stearin  must,  therefore,  have  been  formed  in  some  way  or 
other  in  the  body.  If  it  was  formed  from  the  olein  and 
palmitin  of  the  food,  the  portion  of  these  deposited  in 
the  cells  of  the  adipose  tissue  must  have  undergone 
changes  before  reaching  this  comparatively  fixed  and  final 
position.  But  there  is  conclusive  evidence  that  fat  may  be 
derived  from  proteids;  and  it  is  more  likely  that  the  stearin 
was  formed  from  the  proteids  of  the  food  or  tissues  than 
directly  from  fat.  And  if  the  stearin  was  produced  from 
proteids,  it  is  evident  that  the  olein  and  palmitin  mi^ki  have 
been  formed  from  proteids  too,  the  portion  of  the  latter 
devoted  to  this  purpose  being  sheltered  from  oxidation  by 
the  combustion  of  the  fats  of  the  food.  It  might  further  be 
asked  whether  the  fat  which  is  normally  excreted  into  the 
intestine  (p.  320),  and  which  is  perhaps  derived  from  broken- 
down  proteids,  might  not  be  reabsorbed,  and  take  its  place 
among  the  fat  'put  on.'  But  as  yet  there  are  few  ascertained 
facts  to  guide  us  in  such  speculations. 

As  to  the  ultimate  fate  of  the  absorbed  fat,  from  what- 
ever source  it  may  be  derived,  our  knowledge  may  be 
compressed  into  a  single  sentence:  Some  of  the  fai  fnay 
be  stored  up  as  fat ;  the  greater  part,  often  the  whoUt  is 
oxidized  forthwith  to  carbonic  acid  and  water,  its  energy  being 
converted  into  heat  or,  directly  or  indirectly,  into  mechanical  or 
chemical  work. 

Formation  of  Fat  frcra  other  Sources  than  the  Fat  of  the 
Food. — (i)  From  Proteids.  —  Dry  proteid  contains  on  the 
average  15  per  cent,  uf  nitrogen  and  50  per  cent,  of  carbon; 
and  urea  contains  46  per  cent,  of  nitrogen  and  20  per  cent. 
of  carbon.  Urea  is  therefore  rather  more  than  three  times 
as  rich  in  nitrogen  as  the  proteid  from  which  it  is  derived, 
but  two  and  a  half  times  poorer  in  carbon  ;  and  less  than 
one-seventh  of  the  carbon  of  proteid  will  be  eliminated  in 
the  urea,  which  carries  off  all  the  nitrogen.  A  carbonaceous 
residue  is  left,  which  under  certain  circumstances  may  be 
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converted  into  fat.     The   proof  of  this  statement  is  ver^ 
complete,  but  only  an  outline  of  it  can  be  given  here. 

A  dog  fed  for  a  time  on  a  liberal  diet  of  lean  meat  may  go 
on  excreting   a  quantity  of  nitrogen  equal   to   that   in  the 
food,  while  there  is  a  deficiency  in  the  carbon  given  ofl    Or 
if  the  dog  is  not  in  nitrogenous  equilibrium  (p.  393),  but 
putting  on  nitrogen  in  the  form  of  *  flesh,*  the  deficiency  ia 
the  carbon  given  off  may  be   too  great,  in   proportion  to 
the  nitrogen  deficit,  to  warrant  the  assumption  that  all  the 
retained  carbon  has  been  put  on  in  the  form  of  proteid.    In 
either  case,  carbon  in  large  amount  can  only  come  from  the 
proteids  of  the  food,  and  can  only  be  stored  up  in  the  body 
in  the  form  of  fat ;   for  lean  meat  contains  but  a  trifling 
quantity  of  carbon  in  any  other  proximate  principle  than 
proteid,  and  the  non-proteid  carbon  of  the  animal  body  is 
only  to  a  very  small  extent  contained  in  carbo-hydrates  or 
other  substances  than  fat. 


For  example,  in  an  experiment  of  Peltenkofer  and  Voit  on  a< 
in  nitrogenous  equilibrium,  with  a  diet  of  2,000  grammes  of  lean  meal, 
the  animal  on  the  first  day 


Took  in  in  the  food 
i  urine 

Gave  out  in  <.  faeces 

(  respiration 


GrmmmeK. 

680  N 
66-5  N 

1*4 
o 

67^9 


GnuDines. 

250-4  c 
39*9  C 
9-2 
>58'3 
2074 


Difference 


+  o*i  X 


+  43^C 


d<^ 

I 


Here  the  niirc^en  of  the  body  remained  unaltered,  but  carbo'^ 
was  put  on  to  the  extent  of  43  grammes,  or  17  per  cent,  of  ib^ 
amount  in  the  food,  representing  about  5S  grammes  of  fat.  ^H 

This  is  an  exact  quantitative  proof  of  the  conversion" 
proteids  into  fat.  Qualitative  indications  of  its  possibilit/ 
and  of  its  actual  occurrence  are  numerous.  Such  are  th^ 
readiness  with  which  fatty  degeneration  occurs  in  the  tissues 
in  pathological  states — for  example,  after  phosphorus  poison- 
ing ;  the  accumulation  of  fat  between  the  hepatic  cells  caused 
by  phlorizidin,  which,  as  we  know,  hastens  the  disintegration 
of  proteids;  the  formation  of  adipocere  sometimes  seen  in 
dead  bodies  which  have  remained  a  long  time  under  water 
or  in  moist  graveyards;  the  formation  of  fat  in  the  cells  of 
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ilie  sebaceous  glands;  and  the  transformation  of  the  cell- 
sabstance  of  the  mammary  glands  into  the  fat  of  milk. 
Tlus  last  case  ts  of  g^eat  practical  importance,  for  it 
)iains  the  rule  which  experience  has  taught,  that  a 
lan  during  lactation  requires  an  excess  of  proteids  in 
her  food  corresponding  not  only  to  the  proteids,  but  also 
(0  the  fat  given  off  in  the  milk. 

(2)  From  Carbo-hydrates. —  It   has   been   found   that  the 
addition  of  proteid  to  a  diet  of  fat,  and  especially  to  a  diet  of 
carbo-hydrate,  in  larger  amount  than  is  just  necessary  for 
nitrogenous  equilibrium,  leads  to  a  more  rapid  increase  in 
the  carbon  deficit — that  is,  in  the  fat  put  on — than  if  the 
minimum  quantity  of  proteid  required  for  nitrogenous  equi- 
librium had  been  given.     From  this  it  is  inferred  that  the 
carbonaceous  residue  of  the  broken-down  proteid  is  shielded 
fcom  oxidation  by  the  fat,  and  to  a  still  greater  extent  by 
the  carbo-hydrates,  and   so   retained   in  the   body  as   fat. 
AnJ  it  is  certain  that  the  high  repute  of  carbo-hydrates 
as  fattening  agents  is  in  part  due  to  their  taking  the  place 
of  proteids  and  fats  in  ordinary  'current*  metabolism,  and 
so  allowing  body-fat  to  be   laid   down  from  these.     Voit, 
indeed,  has  gone  so  far  as  to  assert  that  this  is  the  only 
sease  in  which  carbo-hydrates  can  be  said  to  form  fat,  and 
that,  in  carnivorous  animals  at  least,  a  direct  conversion  never 
occars.     But  the  experiments  of  Rubner  have  shown  that  in 
a  dog  fed  with  a  diet  rich  in  carbo-hydrates,  and  containing 
^ut  little  fat  and  no  proteids  at  all,  the  carbon  deficit  was 
greater  than  could  be  accounted  for  by  the  proteids  broken 
down  in  the  body  and  the  fat  of  the  food.     In  the  pig  and 
pJose,  too,  the  direct  formation  of  fat  from  carbo-hydrates  has 
tjeen  demonstrated.     The  production  of  wax  by  bees,  which 
ised  to  be  given  as  a  proof  of  the  formation  of  fat  from 
sugar,  is  not  decisive,  for  in  raw  honey  proteids  are  present ; 
and  even  when  bees  fed  on  pure  honey  or  sugar  manufacture 
wax,  it  may  be  derived  from  the  broken-down  proteids  of 
their  own  bodies. 

Summary, — At  this  point  let  us  sum  up  what  we  have 
Itarut  as  to  the  relation  between  the  proximate  principles 
of  the  tissues  and   the  proximate  principles  of  the  food. 
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Inside  the  body  we  recognise  representatives  of  the  tkrt 
cf  organic  food  -  substances  in  a  typical  diet — proi^ids,  cart 
hydrateSy  and  fats.  But  we  should  greatly  err  if  we  were 
imagine  that  the  three  streams  of  food-materials  have  fiov 
from  the  intestines  into  the  tissues  each  in  its  separate 
channel,  neither  giving  to  nor  taking  from  the  others.  The 
fats  of  the  body  may,  indeed,  in  part  be  composed  of  moUcula 
which  were  present  as  fat  in  the  food;  but  they  may  also  bejifrmi 
from  proteids — they  may  also  be  formed  from  carbo-hydrates.  Tkt 
carbo-hydrates  of  the  body — tfie  glycogen  of  the  liver  and  musclar 
the  sugar  of  the  blood — may  undoubtedly  be  derived  from  carbth 
hydrates  in  the  food^  but  they  7nciy  also  be  derived  from  proteidi; 
from  fats  they  probably  cannot  come.  The  proteids  of  the  My 
arise  solely  from  the  proteids  of  the  food  ;  neither  fats  nor  carho- 
hydrates  can  form  proteids^  although  both  can  economize  them  and 
shield  them  from  an  over-hasty  metabolism, 

4.  The  Income  and  Expenditnre  of  the  Body. — (i)  Income  ud 
Expenditure  of  Nitrogen. — 

Frtliminary  Data. — The  purpose  of  food  is  to  maintain  the  con- 
stituents of  the  body  upon  the  whole  in  their  normal  proportions.  A 
knowledge  of  the  chemical  composition  of  the  body  is,  therefore, 
an  important  datum  in  the  consideration  of  the  statistics  of  its 
metabolism.  The  body  of  a  man  analyzed  by  Volkmann  had  the 
following  composition  : 


Inorganic  substances  ]  JJi^*^^^,  ^^;^^   _' 


Oi^anic  substances 


i  Carbon 
1  Hydrogen 
'\  Nitrogen 
f  Oxygen 


i3'4  percent. 

2-6 

6'o        .. 


65-9  per  cenb^ 
44 

297 


The  muscles,  the  adipose  tissue,  and  the  skeleton  form  ni 
four-fifths  of  the  total  body-weight  in  the  adult.     The  following  t«1 
shows  the  percentage  amount  of  each  of  these  tissues  in  amin,! 
woman,  and  a  child  (Bischoff) ; 


Mmd. 

Woman. 

New-boni 
Child. 

Voluntary  muscles  - 
Adipose  tissue 
!Skcleion  - 
Rest  of  body    • 

41-8 
183 
15-9 

24-1 

35s 
28a 
IS'I 
20-9 

23*5 
"3  5 
"57 
47'3 

The  nitrogen  is  contained  chiefly  in  the  muscles,  glands, 


4 
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nervous  system,  and  in  the  constituents  of  the  connective  tissues, 
which  yield  gelatin,  chondrin,  and  elastin.  The  proleids  make  up 
about  9  per  cent  of  the  weight  of  the  body,  or  22  per  cent,  of  its 
sohds ;  the  albuminoids  (gelatin-yielding  material,  etc.)  about  6  per 
cent  of  the  body-weight.  Nitrogen  exists  in  proteids  to  the  extent 
of  15  per  cent.,  so  that  the  65  kilos  of  proteid  of  a  70-kilo  body 
contain  nearly  i  kilo  of  nitrogen. 

The  carbon  is  contained  chiefly  in  the  fat,  which  forms  a  very 
lai^e  proportion  of  the  water  free  substance  of  the  body.  In  the 
body  of  a  strong  young  man  weighing  68'6  kilos,  Voit  found  the 
following  quantities  of  drj-  fat  in  the  various  tissues : 

Adipose  tissue ti8o9'4  grammes 

Skeleton 2617-2        ., 

Muscles 6.i6'8        „ 

^^          Brain  and  spinal  cord      .        -        -        .      asSg        „ 
^B  Other  organs 732 

'  Total     -        -        -        -  I2363'5 

equivalent  to  18  per  cent,  of  the  whole  body- weight,  or  44  per  cent 
of  the  solids.  In  dry  fat  rather  more  than  75  per  cent  of  carbon 
is  present,  and  in  proteid  about  50  to  55  per  cent. ;  so  that  while  the 
fat  of  the  body  analyzed  by  Voit  contained  more  than  9  kilos  of 
carbon,  only  about  a  third  of  this  amount  would  be  found  in  the 
proteids. 

In  the  fat  there  is,  roughly  speaking.  12  per  cent  of  hydrogen, 
in  proteids  only  7  per  cent. ;  so  that  from  three  to  four  times  as  much 
hydrogen  is  contained  in  the  fat  of  the  body  as  in  its  proteids. 

Oxygen  forms  about  12  per  cent  of  fat,  and  20  to  24  per  cent 
of  proteids ;  the  proteid  constituents  of  the  body,  therefore,  contain 
about  as  much  of  its  o.xygen  as  the  fat. 

Hitrogenous  Equilibrium, — It  is  a  matter  of  common  ex- 
perience that  the  weight  of  the  body  of  an  adult  may  remain 
approximately  constant  for  many  months  or  years,  even 
when  the  diet  varies  greatly  in  nature  and  amount.  And 
not  only  may  the  weight  remain  constant,  but  the  relative 
proportions  of  the  various  tissues  of  the  body,  so  far  as 
can  be  judged,  may  remain  constant  too.  Here  it  is  evident 
that  the  expenditure  of  the  body  must  precisely  balance 
its  income:  it  must  lose  as  much  nitrogen  as  it  takes 
i:i,  otherwise  it  would  put  on  flesh;  it  must  lose  as  much 
carbon  as  it  takes  in,  otherwise  it  would  put  on  fat.  Or, 
again,  the  body  may  be  losing  or  gaining;  fat,  giving  off 
more  or  less  carbon  than  it  receives,  while  its  '  flesh  '  (its 
proteid  constituents),  remains  constant  in  amount,  the  ex- 
penditure  of  nitrogen  being  exactly  equa.1  Vo  iVve  vx\cotcvt. 
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In  both  cases  we  say  that  the  body  is  in  nitrogenous 
librium. 

A  starving  animal  or  a  fever  patient,  on  the  other  hand,  is 
living  upon  capital,  the  former  entirely,  the  latter  in  part,- 
the  expenditure  of  nitrogen  is  greater  than  the  income.  A 
growing  child  is  living  below  its  income,  is  increasing  its 
capital  of  flesh.  In  neither  case  is  nitrogenous  equilibrium 
present. 

The  starving  animal,  as  long  as  life  lasts,  excretes  urea  aod 
gives  off  carbonic  acid;  but  its  expenditure,  and  especially 
its  expenditure  of  nitrogen,  is  pitched  upon  the  lowest  scale. 

s^' " 


'.;-/  v., . 
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Fig.  io9.^0fAUKAu  shuwing  Loss  o>  Wugmi  uv  thk  Omcans  im  STAtvAnL» 

The  numbers  uader  1  are  the  percentages  of  the  total  io^s  of  body  weight  tMn»tir 
the  various  orgiras  jind  ttiisues.  The  Dumbers  under  II  );ive  the  percental  loa  o' 
Mvighi  of  each  organ  calculated  on  Ita  originAl  weijf'it  ai  inUicated  by  oompjmtoa  •'tb 
the  organs  of  a  similar  animal  killed  in  good  condiiion. 

It  lives  penuriously,  it  spins  out  its  resources;  its  glycogtn 
goes,  its  fat  goes,  a  certain  part  of  its  proteid  goes,  and 
when  its  weight  has  fallen  from  z%  to  50  per  cent.,  it  dies. 
At  death  the  heart  and  central  nervous  system  are  found  to 
have  scarcely  lost  in  weight;  the  other  organs  have  been 
sacrificed  to  feed  them.  Fig.  109  shows  the  percentage  loss 
of  weight  and  the  proportion  of  the  total  loss  which  falls 
upon  each  of  the  organs  of  a  cat  in  starvation  (Voit). 

For  the  first  day  of  starvation  the  excretion  of  urea  inadog 
or  cat  is  not  diminished;  it  takes  about  twenty-four  hours 
for  all  the  nitrogen  corresponding  to  the  proteids  of  the  last 
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meal  to  be  eliminated.  On  the  second  day  the  quantity  of 
urea  sinks  abruptly  ;  then  begins  tht:  true  starvation  period, 
during  which  the  daily  output  of  urea  diminishes  very  slowly 
until  a  short  time  before  death,  when  it  rapidly  falls  and 
soon  ceases  altopjether.  If  the  animal  has  little  fat  in  its 
body  to  begin  with,  the  urea  excretion  rises  somewhat 
after  the  first  few  days,  because  as  soon  as  the  fat  is  all  con- 
sumed more  proteid  is  used  up.  So  long  as  the  fat  lasts,  the 
rate  at  which  it  is  destroyed — as  estimated  from  the  amount 
of  carbon  given  off  minus  the  carbon  corresponding  to  the 
broken-down  proteids— remains  very  nearly  constant  after 
the  first  day.     The  fat  to  a  certain  extent  economizes  the 


A  is  n  curve  representiDg 
Ihe  quantity  of  urcA  excrelft.1 
daily  by  a  fai  dog  in  a  sur- 
vfltioii  period  of  sixiy  days. 
1-1  is  (he  curvr  of  urea  en- 
crction  in  a  l<^in  young  dog 
in  a  sUrvntion  period  of 
iwcnty-four  days.  Both  mx'^ 
constructed  from  Falck's 
numbers,  but  in  A  only 
evL-ry  third  day  is  put  in,  in 
order  to  save  ipacc.  Ttie 
number^  along  the  vertical 
axis  reprcMni  grammes  of 
ttre«  :  those  aloTig  the  hori> 
zonial  axis  dnys  from  the 
beginning  of  starvation. 


Flu.  110.— fc-xcKitiiyN  01^  Ukka  in  Starvation. 
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proteids  of  the  starving  body,  but  however  much  fat  may 
be  present,  a  steady  waste  of  the  tissue-proteids  goes  on. 

The  results  obtained  on  'fasting  men*  differ  in  some 
respects  from  those  obtained  on  starving  animals.  The 
excretion  of  nitrogen  has  been  found  to  diminish  continu- 
ously during  a  fast  extending  over  several  days.  The 
quantity  of  chlorine  and  alkalies  in  the  urine  was  also 
diminished,  while  the  phenol  was  increased.  The  respi- 
ratory quotient  sank  to  o'66  to  0*69 — even  less  than  the 
quotient  corresponding  to  oxidation  of  fats  alone.  The 
meaning  of  this,  in  alt  probability,  is  that  some  of  the 
carbon  of  the  broken-down  proteids  was  laid  up  in  the 
_body  as  glycogen  (Zuntz). 

It  might  be  supposed  that  if  an  ani^^a.\  w^s  ^wexv  ^^  twiOcx 
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nitrogen  in  the  food  in  the  form  of  proteids  as  correspond 
to  its  daily  loss  of  nitrogen  during  star\'ation,  this  loss  yco^id 
be  entirely  prevented  and  nitrogenous  equilibrium  restored 
The  supposition  would  be  very  far  from  the  reality.    If  a 
dog  of  thirty  kilos  weight,  which  on  the  tenth  day  of  starva- 
tion excreted  11*4  grammes  urea,  had  then  received  a  daily 
quantity  of  proteid  equivalent    to  this  amount — that  is  to 
say,  about  34  grammes  of  dry  proteid,  or  175  grammes  of 
lean  meat  —  the  excretion  of  nitrogen  would  at  once  have 
leaped  up  to  nearly  double  its  star\'ation  value.   If  the  quantity 
of  proteid  in  the  diet  was  progressively  increased,  the  output 
of  urea  would  increase  along  with  it,  but  at  an  ever-slacken- 
ing rate ;  and  at  length  a  condition  would  be  reached  in 
which  the  income  of  nitrogen  exactly  balanced  the  expendi- 
ture, and  the  animal  neither  lost  nor  gained  flesh.     In  an 
experiment  of  Voit's,  for  instance,  the  calcnlated   lo5s  of 
flesh  in  a  dog  with  no  food  at  all  was  190  grammes  a  day- 
The  animal  was  now  fed  on  a  gradually  increasing  did  ot 
lean  meat  with  the  following  result : 


Fleth  in  tlie 

Fleth  uwd  up  in 

Kt^Lowof 

Food. 

tba  Body. 

BMly.fUkh. 

190           ' 
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The  loss  of  nitrogen  in  the  urine  and  fieces  is  what  was  rncasurcd' 
Knowing  the  average  composition  of  'body-flesh  '  (muscles,  gland*i 
etc),  it  is  easy  to  translate  results  stated  in  terms  of  nitrogen  into 
results  Slated  in  terms  of  'flesh.'  Muscle  contains  approxitnaiely 
3-4  per  cent,  nitrogen.  Here,  with  a  diet  of  480  grammes  raeal,  rt»e 
dog  was  still  losing  a  little  flesh  ;  it  would  probably  have  required 
from  500  to  600  grammes  for  equilibrium.  The  results  are  grtph'- 
cally  represented  in  Fig.  1 11. 

The  quantity  of  proteid  food  neceuary  for  nitrogcBOtf 
eqailibnom  varies  with  the  condition  of  the  organism: 
an  emaciated  body  requires  less  than  a  muscular  and  well- 
nourished   body.     The  least  quantity  which  would  saflice 


METABOLISM,  NUTRITION  AND  DIETETICS,         307 


to  maintain  in  nitrogenous  equilibrium  the  famous  35 
kilo  dog  of  Voit,  even  in  very  meagre  condition,  was  480 
grammes  of  lean  meat,  corresponding  to  16  grammes  of 
nitrogen,  or  35  grammes  of  urea,  that  is  about  three  times 
the  daily  loss  during  star\ation.  From  this  lower  limit 
up  to  2,500  grammes  of  meat  a  day  nitrogenous  equilibrium 
could  always  be  attained,  the  animal  putting  on  some  flesh 
at  each  increase  of  diet,  until  at  length  the  whole  2,500 
grammes  were  regularly  used  up  in  the  twenty-four  hours.  A 
further  increase  was  only  checked  by  digestive  troubles.     A 

The  loss  of  Hesh  in 
gmrainrs  is  tald  off 
along  the  horizon - 
ta!  axis.  The  income 
and  expenditure 
coirespondinf  to  a 
given  loss  are  laid 
oflT  (in  grammes  or 
'  flesh  ')  along  the 
vcrlitnl  axis.  Ttie 
continuoiu  curve  is 
the  carve  of  income  ; 
the  dutt«j  curve,  of 
cxpendiiure.  With 
no  income  at  all  the 
•'xprndiuite  is  190 
grammes  ;  with  an 
mconie  of  480  gram- 
mes (he  expenditure 
is  492  and  ihe  loss 
lagramnies.  Nitro- 
genous rquilibriuni 
IS  reprcicoled  a& 
being  reached  with 
nn  income  of  about 
j;30  grammes;  here 
the  two  curves  cut 
one.anc/thcr. 

Pig.    III.— CUkVKS    LIUN&IKUCTkU    To     ILLUSTRATE    NlTHOGtHNOUS    E<Ji;iLiniL-» 
(PMUH  AN    EXPEKIMKNT  OF  VoiTb). 

man,  or  at  least  a  civilized  man.  can  consume  a  much  smalkr 
amount  both  absolutely  and  in  proportion  lo  the  body- 
weight.  Rubner,  with  a  body-weight  of  72  kilos,  was 
able  to  digest  and  absorb  over  1,400  grammes  of  lean  meat : 
Ranke,  with  about  the  same  body-weight,  could  only  use  up 
Ii300  grammes  on  the  first  day  of  his  experiment,  and  less 
than  1,000  grammes  on  the  third. 

So  much  for  a  purely  proteid  diet.     When  fet  u  given  in 
addition  to  proteid,  nitrogenous  equilibrium  is  attained  with 
^a  smaller  quantity  of  the  latter  (7  to  15  v^t  te\vX,V:.^s^.    K 
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dog  which,  with  proteid  food  alone,  is  putting  on  fli 
will  put  on  more  of  it  before  nitrogeoous  e<juihbnaia 
reached  If  a  considerable  quantity*  of  fat  be  added  to  o^ 
diet.  Fat,  therefore,  economizes  proteid  to  a  certain  exipar, 
as  we  have  already  recognised  in  the  case  of  the  star\inff 
animal.  On  the  other  hand,  when  proteid  is  given  in  larfc 
quantities  to  a  fat  animal,  the  consumption  of  fat  is  in- 
creased ;  and  if  the  food  contains  little  or  none,  the  body- 
fat  will  diminish,  while  at  the  same  time  *  flesh  *  may  be  pat 
on.  The  Banting  care  for  corpulence  consists  in  putting  the 
patient  upon  a  diet  containing  much  proteid,  but  little  fat  or 
carbo-hydrate;  and  the  fact  just  mentioned  throws  light 
upon  its  action. 

All  that  we  have  here  said  of  fat  is  true  of  cftrb<^h]rdnta. 
To  a  great  extent  these  two  kinds  of  food  substances  aie 
complementary.  Carbo-hydrates  economize  proteids  as  fat 
does,  but  to  a  greater  extent,  and  they  also  economize  fat, 
so  that  when  a  sufficient  quantity  of  starch  or  sugar  is  given 
to  an  otherwise  starving  animal,  all  loss  of  carbon  from  the 
body,  except  that  which  goes  off  in  the  urea  stilt  excreted, 
can  be  prevented.  Of  course  the  animal  ultimately  dies. 
because  the  continuous,  though  diminished,  loss  of  proteid 
cannot  be  made  good. 

It  is  only  necessary  to  add  that  peptone  can,  while 
gelatin  cannot,  completely  replace  the  natural  proteids  Jo 
the  food.  Fully  five -sixths,  however,  of  the  necessary 
nitrogen  may  be  obtained  from  gelatin,  at  least  for  a  few 
days  (Munk) ;  so  that  gelatin  economizes  proteid  in  a  mucb 
greater  degree  than  fat  and  carbo-hydrates  do. 

The  LawB  of  Nitrogezioas  Metabolism. — Within  the  limits  of 
nitrogenous  equilibrium,  which  is  the  normal  state  of  the 
healthy  adult,  the  body  lives  up  to  its  income  of  nitrogen*. 
it  lays  past  nothing  for  the  future.  In  the  actual  pinch  oi 
starvation  the  organism  becomes  suddenly  economical- 
When  a  plentiful  supply  of  proteid  is  presented  to  tb* 
starving  tissues,  the}'  pass  at  once  from  extreme  frugality  to 
luxury  ;  some  flesh  may  be  put  on  for  a  short  time,  some 
nitrogen  may  be  stored  up  ;  but  the  tissues  soon  pitch  their 
wants  to  the  new  scale  of  supply,  and  spend  their  proteid 
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income  as  freely  as  they  receive  it.  This  is  the  first  great  law 
of  nitrogenous  metabolism,  and  we  may  formulate  it  thus : 
Cimumptwn  of  proUid  is  largely  determined  by  supply  (p.  460). 

Various  hypotheses  have  been  offered  to  explain  this  re- 
cnarkable  fact.  It  has  been  suggested  that  a  large  propor- 
tion of  a  heavy  proteid  meal  may  be  broken  up  into  leucin 
id  tyrosin  in  the  alimentary  canal,  and  may  pass  by  this 
ihort-ciit  to  the  stage  of  urea  without  ever  joining  the 
proteid  of  the  blood,  much  less  that  of  the  organs.  This 
,  would  be  a  form  of  true  luxns-cotisttmption,  of  really,  and  not 
Bipparently,  wasteful  expenditure.  The  surplus  proteids 
^would  be  shunted  out  of  the  main  metabolic  current  at  its 
.  vm-  source  ;  and  it  is  conceivable  that  in  this  short-cut  from 
H|roteid  to  urea  we  have  a  kind  of  physiological  safety-valve 
to  protect  the  tissues  from  the  burden  of  an  excessive 
1  metabolism.  But  it  is  doubtful  whether  such  a  process 
^Mcurs  to  any  great  extent  in  normal  digestion.  If  it  does 
Hoccur,  it  may  bear  a  different  interpretation,  and  in  any  case 
W  it  probably  plays  only  a  subordinate  part,  and  cannot  of 
itself  explain  all  the  facts  of  nitrogenous  equilibrium. 

Then,  again,  it  has  been  said  that  the  luxus-cnnsumption 
takes  the  form  of  oxidation  of  the  surplus  proteids  in  the 
blood  and  lymph.  Here  the  shunting  would  take  place 
farther  down  the  stream,  but  still  high  enough  up  to  shield  the 
j  tissue  elements  from  excessive  metabolic  work.  This  theorj' 
<*f  iQxas-consumption  breaks  down,  however,  under  the 
scciimulating  evidence  that  the   oxidative  changes  go  on 

k chiefly  in  the  living  cells  and  not  in  the  extra-cellular  fluids. 
We  seem   driven   to  locate  the  metabolism  of  actually 
'   absorbed    proteids,  as   well   as   of  other   food   substances, 
vithm  the  cells  of  the  body ;   and  there   are  three  chief 
*iews  as  to  the  manner  of  this  metabolism  : 

[a)  That  the  actual  protoplasmic  substance,  the  living 
framework  of  the  cell,  is  comparatively  stable ;  that  it  does 
Dot  break  down  rapidly ;  and  that  only  a  relatively  small 
and  fairly  constant  amount  of  food-  or  circulating-proteid 
is  required  to  supply  the  waste  of  the  organ-proteid.  It 
is  assumed  that  the  greater  part  of  the  former,  without 
being   incorporated   with  the   protoplasm,   is  nevertheless 
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acted  upon,  rendered  unstable,  shaken  to  pieces,  as  it  were, 
by  the  whirl  of  life  in  the  organised  framework,  the 
interstices  of  which  it  fills. 

(6)  That  we  have  no  right  to  draw  a  distinction  between 
the  consumption  of  organ-  and  circulating-proteid  ;  that  the 
whole  of  the  latter  ultimately  rises  to  the  height  of  organ- 
proteidj  and  passes  on  to  the  downward  stage  of  mjetabolisni 
only  through  the  topmost  step  of  organization.  An  increase 
in  the  supply  of  nitrogenous  material  in  the  blood  must,  on 
this  view,  be  accompanied  with  an  increased  tendency  to 
the  break-up,  the  dissociation,  as  Pfluger  puts  it,  of  the 
living  substance.  The  actual  organized  elements,  however, 
the  existing  cells,  are  not  supposed  to  be  destroyed  :  the 
building  remains,  for  although  stones  are  constantly 
crumbling  in  its  walls,  others  are  being  constantly  built  in. 

(c)  That  the  tissue  elements  themselves  are  short-lived ; 
that  the  old  cells  disappear  bodily  and  are  replaced  by  new 
cells  ;  and  that  the  whole  of  the  proteids  of  the  food  take 
part  in  this  continual  process  of  ruin  and  repair. 

Histological  evidence  is  on  the  whole  strongly  against  (c). 
Although  the  cells  of  certain  glands,  such  as  the  mammarj', 
sebaceous,  and  perhaps  the  mucous  glands,  are  known  to 
break  down  bodily  as  an  incident  of  functional  activity,  in 
most  organs  there  is  no  proof  of  the  production  of  new  cells 
on  the  immense  scale  which  this  theory  would  require. 
There  is  but  little  evidence  which  would  enable  us  to 
decide  with  confidence  between  (a)  and  (6),  although  the 
observation  of  Munk,  that  a  dog  fed  with  proteids  and 
carbo-hydrates  after  a  thirty  days*  fast  used  up  less  proteid 
than  the  minimum  in  starvation,  certainly  suggests  that, 
under  those  conditions  at  least,  the  proteids  of  the  food 
were  all  built  up  into  the  protoplasm  of  the  tissues. 

The  second  law  of  nitrogenoua  mdabolism  is  that  within 
normal  limits  it  is  nearly  independent  of  muscular  workj  that 
is  to  say,  the  quantity  of  nitrogen  excreted  by  a  man  on  a 
given  diet  is  practically  the  same  whether  he  rests  or  works. 
Before  this  was  known  it  was  maintained  by  Liebig  that 
proteids  alone  could  supply  the  energy  of  muscular  contrac- 
tion— that,  in    fact,   proteids   were   solely  used  up   in   the 
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nutrition  and  functional  activity  of  the  nitrogenous  tissues, 
while  the  non-proteid  food  yielded  heat  by  its  oxidation. 
As  exact  experiments  multiplied,  it  was  found  that  muscular 
work,  the  production  of  which  is  the  function  of  by  far  the 
greatest  mass  of  proteid-containin^  tissue,  had  little  or  no 
effect  upon  the  excretion  of  urea  in  the  urine.     More  than 

is,  it  was  shown  that  a  certain  amount  of  work  accom- 
plished (by  Fick  and  Wislicenus  in  climbing  a  mountain)  on 
non-nitrogenous  diet  had  double  the  heat  equivalent  of  the 

hole  of  the  proteid  consumed  in  the  body,  as  estimated  by 
the  urea  excreted  during,  and  for  a  given  time  after,  the  work. 
On  the  assumption  that  all  the  urea  corresponding  to  the 
proteid  broken  down  was  eliminated  during  the  time  of  this 
experiment,  a  part  at  least  of  the  work  must  have  been 
derived  from  the  energy  of  non-nitrogenous  material.  And 
the  increase  in  the  carbonic  acid  given  off,  which  is  as  con- 
spicuous an  accompaniment  of  muscular  work  as  the  con- 
stancy of  the  urea  excretion,  showed  that  during  muscular 
exertion  carbonaceous  substances  other  than  proteids — that 
is  to  say,  fats  and  carbo-hydrates — are  oxidised  in  greater 
amount  than  during  rest. 

So  the  pendulum  of  physiological  orthodoxy  came  full- 
swing  to  the  other  side.  Liebig  and  his  school  had  taught 
that  proteids  alone  were  consumed  in  functional  activity; 
the  majority  of  later  physiologists  have  denied  to  the  proteids 
any  share  whatever  in  the  energy  which  appears  as  muscular 
contraction.  The  proteids,  they  say,  'repair  the  slow  waste 
of  the  framework  of  the  muscular  machine,  replace  a  loose 
rivet,  a  worn-out  belt,  as  occasion  may  require  ;  the  carbo- 
hydrates and  fats  are  the  fuel  which  feeds  the  furnaces  of 
life,  the  material  which,  dead  itself,  is  oxidized  in  the  inter- 
stices of  the  living  substance,  and  yields  the  energj-  for  its 
work." 

Now,  it  is  a  singular  circumstance,  and  full  of  instructioo 
for  the  ingenuous  student  of  science,  that  the  facts  which 
have  been  supposed  absolutely  to  disprove  the  older  theory, 
and  absolutely  to  establish  its  modern  rival,  do  neither  the 
one  thing  nor  the  other.  The  fact — and  it  is  a  fact — that 
the  excretion  of  nitrogen  is  but  little  aftecled  \)^  -mu^o^x 
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contraction,  does  not  prove  that  none  of  the  energy  of 
muscular  work  comes  from  proteids ;  the  fact  that,  under 
certain  conditions,  some  of  the  muscular  energy  must 
apparently  come  from  non-nitrogenous  materials,  does  not 
prove  that  these  are  the  normal  source  of  it  all.  The  dis- 
tinction has  again  been  made  too  absolute.  The  pendulum 
must  again  swing  back  a  little ;  and  the  recent  experiments 
of  PflUger  and  others  have  actually  set  it  moving. 

In  the  first  place,  it  is  not  perfectly  correct  to  say  that 
work  causes  no  increase  in  the  excretion  of  nitrogen  ;  exces- 
sive work  in  man,  and  work,  severe  but  not  excessive,  in  a 
flesh-fed  dog  (PflUger),  do  cause  somewhat  more  nitrogen  to 
be  given  off 

In  the  second  place,  even  if  the  excretion  of  nitrogen  were 
entirely  unaffected  by  work,  this  would  not  prove  that  none 
of  the  energy  of  the  work  comes  from  proteids.  For  the 
animal  body  is  a  beautifully-balanced  mechanism  which 
constantly  adapts  itself  to  its  conditions.  If  it  saves 
proteids  by  the  use  of  fat  and  carbo-hydrates  when  its 
nitrogenous  food  is  restricted  or  its  organ-proteid  runs  low. 
it  may  also,  when  called  upon  to  labour,  save  proteids  from 
lower  uses  to  devote  them  to  muscular  contraction.  In  this 
case  the  excretion  of  nitrogen  would  not  necessarily  be 
altered ;  the  proteids  which,  in  the  absence  of  work,  would 
have  been  oxidized  within  the  muscular  substance  or  else- 
where, their  energy  appearing  entirely  as  heat,  may,  when 
the  call  for  proteid  to  take  the  place  of  that  broken  down 
in  muscular  contraction  arises,  be  diverted  to  this  purpose. 

Thirdly,  there  is  no  doubt  that  a  dog  fed  on  lean  meat 
may  go  on  for  a  long  time  performing  far  more  work  than 
can  be  yielded  by  the  energy  of  fat  and  carbo-hydrates 
occurring  in  traces  in  the  food,  or  taken  from  the  stock  in 
the  animal's  body  at  the  beginning  of  the  period  of  work, 
A  large  portion,  and  perhaps  the  whole,  of  the  work,  must 
in  this  case  be  derived  from  the  energy  of  the  proteids 
(PflUger). 

Experience  has  shown  that  the  minimum  quantity  of 
nitrogen  required  in  the  food  of  a  man  whose  daily  work 
involves  bard   physical  toil   is   higher  than   the  minimum 


METABOLISM,  NUTRITION  AND  DIETETICS.  403 


required  by  a  person  leading  an  easy  sedentary  life.  This  is 
evidently  in  accordance  with  the  view  that  proteid  is  actually 
used  up  in  muscular  contraction  ;  but  it  is  not  inconsistent 
with  the  opposite  view.  For  the  body  of  a  man  fit  for  con- 
tinuous hard  labour  has  a  greater  mass  of  muscle  to  feed 
than  the  body  of  a  man  who  is  only  fit  to  handle  a  com- 
posing-stick, or  drive  a  quill,  or  ply  a  needle;  and  the 
greater  the  muscular  mass,  the  greater  the  muscular  waste. 
But  if  an  animal  just  in  nitrogenous  equilibrium  on  a  diet 
of  lean  meat  when  doing  no  work,  is  made  to  labour  day 
after  day,  it  will  lose  flesh  unless  the  diet  be  increased. 
This  must  mean  that  some  of  the  proteid  is  being  diverted 
to  muscular  work,  and  that  the  balance  is  not  sufficient  to 
keep  up  the  original  mass  of  *  flesh  '  (see  p.  411). 

(2)  Income  and  Expenditure  of  Carbon.^This  division  of  the 
subject  has  been  necessarily  referred  to  in  treating  of  the 
nitrogen  balance-sheet,  and  may  now  be  formally  completed. 

Carbon  Equilibriam. — A  body  in  nitrogenous  equilibrium 
may  or  may  not  be  in  carbon  equilibrium.  It  has  been 
repeatedly  pointed  out  that  the  continued  loss  or  gain  of 
carbon  by  an  organism  in  nitrogenous  equilibrium  means 
the  loss  or  gain  of  fat ;  and,  since  the  quantity  of  fat  in  the 
body  may  vary  within  wide  limits  without  harm,  carbon 
equilibrium  is  less  important  than  nitrogen  equilibrium.  It 
is  also  less  easily  attained  when  the  carbon  of  the  food  is 
increased,  for,  although  the  consumption  of  fat  is  to  a  certain 
extent  increased  with  the  supply  of  fat  or  fat-producing  food, 
there  is  by  no  means  the  same  prompt  adjustment  of  ex- 
penditure to  income  in  the  case  of  carbon  as  in  the  case  of 
nitrogen. 

Carbon  equilibrium  can  be  obtained  in  a  flesh-eating 
animal,  like  a  dog,  with  an  exclusively  proteid  diet;  but 
a  far  higher  minimum  is  required  than  for  nitrogenous 
equilibrium  alone.  Voit's  dog  required  at  least  1,500 
grammes  of  meat  in  the  twenty-four  hours  to  prevent  his 
body  from  losing  carbon.  For  a  man  weighing  70  kilos, 
the  daily  excretion  of  carbon  on  an  ordinary  diet  is  about 
300  grammes.  More  than  2,000  grammes  of  lean  meat 
would  be  required  to  yield  this  quauUl^  ol  c.a.\\ioti\  ^xtA-t 
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even  if  such  a  mass  could  be  digested  and  absorbed,  more 
than  three  times  the  necessary  nitrogen  would  be  tbrowa 
upon  the  tissues. 

Not  only  may  carbon  equilibrium  be  maintained  for  a 
short  time  in  a  dog  on  a  diet  containing  fat  only,  or  fat  and 
carbo-hydrates,  but  the  expenditure  of  carbon  may  be  less 
than  the  income,  and  fat  may  be  stored  up.  6ut^  of  course, 
if  this  diet  is  continued,  the  animal  ultimately  dies  of 
nitrogen  starvation. 

So  far  we  have  spoken  only  of  the  income  and  expenditure 
of  carbon  and  nitrogen ;  and  from  these  data  alone  it  is 
possible  to  deduce  many  important  facts  in  metabolism, 
since,  knowing  the  elementary  composition  of  proteids,  fats 
and  carbo-hydrates,  we  can,  on  certain  assumptions,  translate 
into  terms  of  proteid  or  fat  the  gain  or  loss  of  an  organism 
in  nitrogen  and  carbon,  or  in  carbon  alone.  But  tbe 
hydrogen  and  oxygen  contained  in  the  solids  and  water  of 
the  food,  and  the  oxygen  taken  in  by  the  lungs,  are  just  as 
important  as  the  carbon  and  nitrogen ;  it  is  just  as  neces- 
sary to  take  account  of  them  in  drawing  up  a  complete  and 
accurate  balance-sheet  of  nutrition.  Fortunately,  however, 
it  is  permissible  to  devote  much  less  time  to  them  here,  fw 
when  we  have  determined  the  quantitative  relations  of  the 
absorption  and  excretion  of  the  carbon  and  nitrogen,  *e 
have  also  to  a  large  extent  determined  those  of  the  oxygea 
and  hydrogen. 

(3)  Income  and  Expenditiire  of  Oxygen  and  Hydrogen. —The 
oxygen  absorbed  as  gas  and  in  the  solids  of  the  food  is 
given  off  chiefly  as  carbonic  acid  by  the  lungs ;  to  a  small 
extent  as  water  by  the  lungs,  kidneys,  and  skin ;  and  as 
urea  and  other  substances  in  the  urine  and  fjeces.  The 
hydrogen  of  the  solids  of  the  food  is  excreted  in  part  as 
urea,  but  in  far  larger  amount  as  water.  The  hydrogen  an*^ 
oxygen  of  the  ingested  water  pass  off  as  water,  without,  ^ 
far  as  we  know,  undergoing  any  chemical  change,  or  eocisling 
in  any  other  form  within  the  body.  But  it  is  important  to 
recognise  that  although  none  of  the  water  taken  in  assuch  is 
broken  up,  some  water  is  manufactured  in  the  tissues  by  the 
oxidation  of  hydrogen.     We  have  already  considered  (p.  iSj)* 
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the  gaseous  interchange  in  the  lungs,  and  we  have  seen  that 
all  the  oxygen  taken  in  does  not  reappear  as  carbonic  acid. 
It  was  stated  there  that  the  missing  oxygen  goes  to  oxidize 
other  elements  than  carbon,  and  especially  to  oxidize 
hydrogen.  We  have  now  to  explain  more  fully  the  cause 
of  this  oxygen  deficit. 

The  Oxygen  Deficit. — The  carbo-hydrates  contain  in  them- 
selves enough  oxygen  to  form  water  with  all  their  hydrogen  ; 
they  account  for  a  part  of  the  water-formation  in  the  body> 
but  for  none  of  the  oxygen  deficit. 

The  fats  are  very  different ;  their  hydrogen  can  be 
nothing  like  completely  oxidized  by  their  oxygen.  A 
gramme  of  hydrogen  is  contained  in  8'5  grammes  of  dry 
fat,  and  needs  8  grammes  of  oxygen  for  its  complete  com- 
bustion. Only  about  i  gramme  of  oxygen  is  yielded  by 
the  fat  itself;  so  that  if  a  man  uses  100  grammes  of  fat  in 
twenty-four  hours,  rather  more  than  80  grammes  of  the 
oxygen  taken  in  must  go  to  oxidize  the  hydrogen  of  the 
fat. 

The  proteids  also  contribute  to  the  deficit.  In  loo 
grammes  of  dry  proteid  there  are  15  grammes  of  nitrogen, 
7  grammes  of  hydrogen,  and  21  grammes  of  oxygen.  The 
carbon  does  not  concern  us  at  present.  The  ^^  grammes 
of  urea,  corresponding  to  100  grammes  of  proteid,  contain 
15  grammes  of  nitrogen,  a  little  more  than  2  grammes  of 
hydrogen,  and  a  little  less  than  9  grammes  of  oxygen. 
There  remain  5  grammes  of  hydrogen  and  12  grammes  of 
oxygen.  But  5  grammes  of  hydrogen  need  for  complete 
combustion  40  grammes  of  oxygen ;  therefore  28  grammes 
of  the  oxygen  taken  in  must  go  to  oxidize  the  hydrogen  of 
100  grammes  of  proteid.  Taking  140  grammes  of  proteid 
as  the  amount  in  the  diet  of  a  man,  we  get  39  grammes  as 
the  required  quantity  of  oxygen.  This,  added  to  the  80 
grammes  needed  for  the  hydrogen  of  the  fat,  makes  a  total 
of,  say,  120  grammes,  equivalent  to  about  85  litres  of 
oxygen.  A  small  amount  of  oxygen  also  goes  to  oxidize 
the  sulphur  of  proteids.  With  a  diet  containing  less  fat 
and  proteid  and  more  carbo-hydrate,  the  oxygen  deficit 
would  of  course  be  less. 
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The  Production  of  Water  in  the  Body, — One  gramme  of 
hydrogen  corresponds  to  9  grammes  of  water.  In  140 
grammes  of  proteids  and  100  grammes  of  fat  there  are,  in 
round  numbers,  22  grammes  of  hydrogen ;  in  350  grammes 
of  starch,  z\'^  grammes.  With  this  diet  43*5  grammes  of 
hydrogen  are  oxidized  to  water  within  the  body  in  twenty- 
four  hours,  corresponding  to  a  water-production  of  391 
grammes,  or  15  to  20  per  cent,  of  the  whole  excretion  of 
water.  It  has  been  observed  that  during  starvation  the 
tissues  sometimes  become  richer  in  water,  even  when  none 
is  drunk.  The  only  explanation  is,  that  the  elimination  of 
water  does  not  keep  pace  with  the  rate  at  which  it  is  pro- 
duced from  the  hydrogen  of  the  broken-down  tissue- 
substances,  or  set  free  from  the  solids  with  which  it  is 
(physically  ?)  united. 

Inorganic  Salts. — The  inorganic  salts  of  the  excreta,  like 
the  water,  are  for  the  most  part  derived  from  the  salts  of 
the  food,  which  do  not  in  general  undergo  decomposition 
in  the  body.  A  portion  of  the  chlorides,  however,  is  broken 
up  to  yield  the  hydrochloric  acid  of  the  gastric  juice. 
Within  the  body  some  of  the  salts  are  intimately  united  to 
the  proteids  of  the  tissues  and  juices,  some  simply  dissolved 
in  the  latter.  The  chlorides  and  phosphates  are  the  most 
important ;  the  potassium  salts  belong  especially  to  the 
organized  tissue  elements,  the  sodium  salts  to  the  liquids 
of  the  body ;  calcium  and  magnesium  phosphates  predomi- 
nate in  the  bones.  The  amount  and  composition  of  the 
ash  of  each  organ  only  changes  within  narrow  limits.  In 
hunger  the  organism  clings  to  its  inorganic  materials,  as  it 
clings  to  its  proteids;  the  former  are  just  as  essential  to 
life  as  the  latter.  In  a  starving  animal  chlorine  almost 
disappears  from  the  urine  at  a  time  when  there  is  still  much 
chlorine  in  the  body;  only  the  inorganic  salts  which  have 
been  united  to  the  used-up  proteids  are  excreted,  so  that  a 
starving  animal  never  dies  for  want  of  salts. 

On  the  other  hand,  when  an  animal  is  fed  with  a  diet  as 
far  as  possible  free  from  salts,  but  otherwise  sufficient,  it 
dies  o{  salt-hurt f^cr.  The  blood  first  loses  inorganic  material, 
then  the  organs.     The  total  loss  is  very  small  in  proportion 
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to  the  quantity  still  retained  in  the  body ;  but  it  is  sufficient 
^  to  cause  the  death  of  a  pigeon  in  three  weeks,  and  of  a  dog 
six,  with  marked  symptoms  of  muscular  and  nervous 
"weakness.  In  pigeons  on  a  diet  containing  very  little 
caicium  the  bones  of  the  skull  and  the  sternum  become 
extremely  thin  and  riddled  with  holes,  while  the  bones 
concerned  in  movement  scarcely  suffer  at  all  (E.  Voit). 

(4)  Dietetics.  —  There  are  two  ways  in  which  we  can 
an-ive  at  a  knowledge  of  the  amount  of  the  various  food 
sabstances  necessary  for  an  average  man  :  (a)  By  consider- 
ing the  diet  of  large  numbers  of  people  doing  fairly  definite 
work,  and  sufficiently,  but  not  extravagantly,  fed — e.g.^ 
soldiers,  gangs  of  navvies,  or  plantation  labourers ;  (6)  by 
makinK  special  experiments  on  one  or  more  individuals. 

By  the  second  method  Pettenkofer  and  Voit  found  that  a 
workman  weighing  70  kilos  required  daily,  during  rest, 
195  grammes  N  and  283  grammes  C  ;  during  work,  19*5 
j^mmes  N  and  356  grammes  C.  This  he  obtained  in  the 
form  of 


t 

In  Roi. 

In  Work. 

Proceids     - 

Fat     -        -        -        - 

Carbo-hydrates  • 

137  grms. 
72     „ 
352     » 

iJ7gnn5. 

173     » 
352     „ 

Ranke  found  the  following  a  sufficient  diet  for  himself, 
*ith  a  body-weight  of  74  kilos : 


Proicids    - 
Fat  . 
Carbo-hvtl  rates 


100  grammes. 

too 

340        „ 


^is  corresponds   to    only   14  grammes  N  and,   say,   230 
Pammes  C. 
A  German  soldier  in  the  field  receives  on  the  average 


Proieids    - 

151  grammes. 

Fat   - 

-      46        „ 

CarbO' hydrates 

-     522 

'fpreseniing  about  21  grammes  N  and  340  grammes  C. 
Out  the  diet  of  certain  miners  (Steinheil)  and  lumberers 
'Liebig)    contained    respectively    133   and    ii2    gtammt^ 
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proteid,    113   and   309  (!)  ^ammes  fat,  and  634   and   69T 

grammes  carbo-hydrates.     The  diet  of  athletes  in  training 

is  richer  in  proteid  than  any  of  these.     So  that  a  definite  and 

typical  diet  for  severe  labour  does  not  exist.     And  although 

perhaps   the    hardest   work  ever   done   in    the  world  is  to 

break  records,  to  cut  and  handle  timberi  to  mine  coal  and 

to  make  war,  the  diet  on  which  these  things  are  accomplished 

is  ver)'  variable. 

Nevertheless,  we  may  conclude  that,  for  a  man  of  70  kilos, 

doing  fairly  hard,  but  not  excessive,  work,  20  grammes  N 

and  300  grammes  C  are  a  sufficient  and  indeed  a  liberal, 

allowance.     The  20  grammes  N  will  be  contained  in  140 

grammes  6ty  proteid,  which  will  also  yield  70  grammes  of 

the  required  C.      The  balance  of  230   grammes   C   could 

theoretically  be  supplied  either  in   517  grammes  starch  or 

in  300  grammes  fat.     But  it  has  been  found  by  experiment 

and  by  experience  (which  is  indeed   a  very  complex  and 

proverbially  expensive  form  of  experiment)  that  for  civilized 

man  a  mixture  of  these  is  necessary  for  healthy  although  the 

nomads   of  the  Asian  steppes,  and   the   herdsmen   of  the 

Pampas,  are  said  to  subsist  for  long  periods  on  flesh  alone,  and 

a  dog  can  live  very  well  on  proteids  and  fat.     The  proportion 

of  fat  and  carbo-hydrates  in  a  diet  may,  however,  be  varied 

within  wide  limits.    Probably  no  '  work*  diet  should  contain 

much  less  than  50  grammes  of  fat,  but  twice  this  amount 

would  be  better ;  100  grammes  fat  give  about  75  grammes  C, 

so  that  from  proteids  and  fat  we  have  now  got  145  grammes 

of  the  necessary  300,  leaving  155  grammes  C  to  be  taken  in 

350  grammes  starch,  or  an  equivalent  amount  of  cane-sugar 

or  glucose.     Adding  30  grammes  inorganic  salts,  we  can  put 

down  as  the  solid  portion  of  a  good  normal  diet  for  a  man 

of  70  kilos : 

140  grammes  proteids  =  »H  of  body- weight. 

100        „  fat  =  T+« 

350        „         carbo-hydrates^  j\^  „ 

30        „  salts. 

620 

Now,  knowing  the  composition  of  the  various  food  stuffs, 

we  can  easily  construct  a  diet  containing  the  proper  quantities 

0/  N  and  C,  by  using  a  tab\e  sucW  3.s\.\ve^o\VQw\u^: 
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Qtunlityl  Quuiiity 
rcqatmi :  requireo 

Nin 

C  in 

I'roieid    Fat  in 

CarbO' 
hydmip 
in  too 

Water 

10  yield 

to  jrifld 

100 

too 

in  too 

too 

in  too 

30  cmis. 
N. 

300  grins. 
C 

fimu. 

gnni. 

grms. 

Crms. 

frms. 

Crmt. 

Cheese 

(Gruy^rc) 
Peas  (dried) 

400 

770 

5 

39 

3> 

3» 

— 

34 

570 

840 

35 

357 

32 

3 

55 

15 

Lean  meal  - 

590 

2230 

3*4 

13*5 

21 

3-5 

74 

Wheat- flour 

870 

750 

2*3 

39*8 

12 

3 

70 

'5 

Oatmeal 

760 

740 

2-6 

403 

13 

5*5 

65 

15 

Maize- 
Wheat 

bread 

1040 
1080 

2040 
730 

\\ 

147 

40 -g 

10-5 

IZ 

7 

65 

75 
>5 

1590 

1340 

125 

22-4 

8         1-5 

49 

40 

Rice   - 

2040 

820 

09 

366 

S         > 

83 

10 

Milk   ■ 

V7° 

4250 

06 

7 

4         4 

5 

85 

Potatoes      - 

5000 

aS6o 

0-4 

105 

2            015 

21 

^1 

Good  butter 

13000 

430 

0-15 

69 

'       ,    90        1 

~"     1 

Economic  and  social  influences — prices  and  habits — and 
not  purely  physiological  rules,  fix  the  diet  of  populations. 
The  Chinese  labourer,  for  example,  lives  on  a  diet  which 
no  physiologist  would  commend.  In  order  to  obtain  20 
grammes  N  or  140  grammes  proteid,  he  must  consume 
nearly  2,000  grammes  rice,  which  will  yield  700  grammes  C, 
or  twice  as  much  as  is  required ;  but  if  the  Chinese 
labourer  could  not  live  on  rice,  he  could  not  live  at  all. 
The  Irish  peasant  is  even  in  worse  case  ;  he  must  consume 
5  kilos  of  potatoes  to  obtain  his  20  grammes  N,  while 
little  more  than  half  this  amount  would  furnish  the  necessary 
300  grammes  C.  A  man  attempting  to  live  on  flesh  alone 
would  be  well  fed  as  regards  N  with  600  grammes  of  meat, 
but  nearly  four  times  as  much  would  be  required  to  yield 
300  grammes  C.  Oatmeal  and  wheat-flour  contain  N  and 
C  in  nearly  the  right  proportions  (i  N  :  15  C),  oatmeal 
being  rather  the  better  of  the  two  in  this  respect ;  and  the 
best  fed  labouring  populations  of  Europe  still  live  largelj'  on 
wheaten  bread,  while,  one  hundred  years  ago,  the  Scotch 
peasant  still  cultivated  the  soil,  as  the  Scotch  Reviewer 
the  Muses,  *  on  a  little  oatmeal'  But  although  bread  may, 
and  does,  as  a  rule,  form  the  great  staple  of  diet,  it  is  not 
of  itself  sufiicient. 

We  may  take  500  grammes  of  bread  and  2=^0  ^-ixwKvts.  c\. 
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lean  meat  as  a  fair  quantity  for  a  man  fit  for  hard  work. 
Adding  500  grammes  milk,  75  prammes  oatmeal  (as  porridge). 
30  grammes  butter,  30  grammes  fat  (with  the  meat,  or  in 
other  ways),  and  450  grammes  potatoes,  we  get  approximately 
20  grammes  N  and  300  grammes  C  contained  in  135  grammes 
proteid,  rather  less  than  100  grammes  fat,  and  somewhat 
over  400  grammes  carbo-hydrates.    Thus : 


•      1 

N.      C.     Proteidi. 

1  hydrates. 

(9  oz.)  250  gnus,  lean  mcai  ■ 

(18  OK.)  500  ^rms.  bread 

ll  pint)  500  tfniis.  milk 

(l  oz.)  3ognns.  butter 

(l  oz.)  30  grms.  fat 

(16  01.)  4$o  ^uwi.  potatoes    - 

(3  oz.)  75  grms.  oatmeal 

8    '    33\      55 

6     112        40 
3    1   35I      ao 

—  30       — 

—  23           — 

»y  47      "o 
n\  310     10 

8-5 

7*5 
20 
27 
30 

4 

345 
25 

4 
6-5 

3*5 
05 

45    ' 

3 

20-2,399|      135            97 
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This  would  be  a  fair  'hard  work*  diet  for  a  well-nourished 
labourer.  But  the  great  elasticity  of  dietetic  formula  is 
shown  by  comparing  the  ration  of  the  English  and  German 
soldier  as  given  in  the  following  tables  : 

Ration  of  the  EvgUsh  Soldier. 


Bread      - 
Meal 

Vegetables 

Potatoes 

Milk 

Sugar      - 

Coffee     - 

Tea 

Salt 


680  grammes. 

340 

226 

453  t. 

94  ,t 

4*6  ,» 

r  » 


Bread  -      .      . 

Meat    - 

Rice     -      -      - 

orbarleygroats 
Legumes    - 
Potatoes     - 


Ration  of  the  Cennon  Soldier. 

War, 
Bread  -  -  - 
Biscuit  .  -  - 
Meat  -  -  - 
Smoked  meat 

or  fat    - 
Rice 

or  barley  groats 
L^umes 


750  grammes 
'50        » 
50 
120 

no     „ 
1500     „ 


750  gi 

rammes. 

500 

» 

375 

It 

250 

1* 

170 

11 

125 

w 

125 

H 

250 

II 

In  prisons  the  object  is  to  give  the  minimum  amount  of 
the  plainest  food  which  will  suffice  to  maintain  the  prisoners 
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in  health.  A  'hard  work*  prison  diet  in  Munich  was  found 
to  contain  104  grammes  proteids,  38  grammes  fat,  and  521 
grammes  carbo-hydrates;  a  'no  work' diet,  only  87  grammes 
proteids,  22  grammes  fat,  and  305  grammes  carbo-hydrates. 
Here  we  recognise  the  influence  of  price;  carbon  can  be 
much  more  cheaply  obtained  in  vegetable  carbo-hydrates 
than  in  animal  fats ;  the  cheapest  possible  diet  contains  a 
minimum  of  fat  and  proteids. 

Many  poor  persons  live  on  a  diet  which  would  not 
maintain  a  strong  man,  for  an  emaciated  body  has  a  smaller 
mass  of  flesh  to  keep  up,  and  therefore  needs  less  proteid; 
it  can  do  little  work,  and  therefore  needs  less  food  of  all 
kinds.  A  London  needlewoman,  according  to  Playfair,  sub- 
sists, or  did  subsist,  30  years  ago,  on  54  grammes  proteid, 
29  grammes  fat,  and  292  grammes  carbo-hydrates;  but  this 

^ps  *  the  low-water  mark  of  the  neap-tide  of  adversity,*  and 
a  woman  with  a  smaller  mass  of  flesh,  and  leading  a  less 
active  life  than  a  man,  requires  less  food  of  all  sorts.     Even 

^ptbe  Trappist  monk,  who  has  reduced  asceticism  to  a  science, 
and,  instead  of  eating  in  order  to  live,  lives  in  order  not  to 
eat,  consumes,  according  to  Voit,  68  grammes  proteid,  11 

Hgrammes  fat,  and  469  grammes  carbo-hydrates  ;  but  manual 
labour  is  a  part  of  the  discipline  of  the  order,  and  this  must 

^be  still  above  the  lowest  subsistence  diet. 

B  A  growing  child  needs  far  more  food  than  its  weight  alone 
would  indicate ;  for,  in  the  first  place,  its  income  must 
exceed  its  expenditure  so  that  it  may  grow;  and,  in  the 
second  place,  the  expenditure  of  an  organism  is  pretty 
nearly  proportional,  not  to  its  mass,  but  to  its  surface. 
Now,  speaking  roughly,  the  cube  of  the  surface  of  an  animal 
varies  as  the  square  of  the  mass ;  when  the  weight  is 
doubled,  the  surface  only  becomes  XTa^  or  one  and  a  half 
times  as  great.  The  surface  of  a  boy  of  six  to  nine  years, 
with  a  body-weight  of  18  to  24  kilos,  is  two-fifths  to  one- 
half  that  of  a  man  of  70  kilos ;  and  he  should  have  about 
half  as  much  food  as  the  man — say,  70  grammes  proteids, 
40  grammes  fat,  and  200  grammes  carbo-hydrates.     A  child 

^■)f  four  months,  weighing  5*3  kilos,  consumed  per  diem  food 
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*  grammes  N  altogether,  as  against  a  daily  consumption  of 
only  '2/5  gramme  N  per^kilo  in  a  man  of  71  kilos  (Voit). 
I  An  infant  for  the  first  seven  months  should  have  nothing 
except  milk.  Up  to  this  age  vegetable  food  is  unsuited  to 
it ;  it  is  a  purely  carnivorous  animal.  Human  milk  contains 
about  4  per  cent,  of  proteids  (casein),  2'6  per  cent,  of  fat, 
4*3  per  cent,  of  carbo-hydrates  (milk-sugar).  Of  the  solids 
the  proteids  make  up  36  per  cent.,  the  fats  24  per  cent,  the 
carbo-hydrates  39  per  cent.  In  the  typical  diet  for  an  adult, 
which  we  have  given  above,  the  proteids  amount  to  20  per 
cent,  of  the  solids,  the  fats  to  15  per  cent.,  the  carbo-hydrates 
to  more  than  60  per  cent.  The  diet  of  the  infant  is  therefore 
nearly  twice  as  rich  in  proteids,  half  as  rich  again  in  fats, 
and  little  more  than  half  as  rich  in  carbo-hydrates,  as  that 
of  the  adult.  It  is  in  a  physiological  sense  a  generous  and 
even  a  luxurious  diet.  *  The  poorest  mother  in  London  or 
New  York  feeds  her  child  as  if  he  were  a  prince.  Perhaps 
not  once  in  a  hundred  times  is  the  man  as  richly  fed  as  the 
young  child,  unless  accident  has  made  him  a  *  Gaucho  or 
Study  and  rellection  a  gourmand.'  And  the  reason  is  that 
the  strain  of  growth  falls  heavier  upon  the  more  precious 
proteids  than  upon  the  more  cheap  and  common  carbo- 
hydrates. 

As  to  the  place  of  water  and  inorganic  salts  in  diet,  it  is 
neither  necessary  nor  practicable  to  lay  down  precise  rules. 
In  most  well-settled  countries  they  cost  little  or  nothing; 
very  different  quantities  can  be  taken  and  excreted  without 
harm  ;  and  both  economics  and  physiology  may  well  leave 
every  man  to  his  taste  in  the  matter.  Salt  is  indeed  for 
the  most  part  used,  not  as  a  special  article  of  diet,  but  as  a 
condiment  to  give  a  relish  to  the  food,  just  as  a  great  deal 
more  water  than  is  actually  needed  is  often  drunk  in  the 
form  of  beverages.  It  is  certain  that  the  quantity  of  salt 
required,  in  addition  to  the  salts  of  the  food,  to  keep  the 
inorganic  constituents  of  the  body  at  their  normal  amount, 
is  very  small.  A  30-kilo  dog  obtains  in  his  diet  of  500 
grammes  of  lean  meat  only  06  gramme  NaCl,  and  needs 
no  more.  An  infant  in  a  litre  of  its  mother's  milk,  which 
is  a   sufficient   diet  for   it,   gets  only  08   gramme  NaCl. 


fTAJ30l/SAf,  .\,  v/wv/ 

I'Btuigc,  however,  has  shown  that  the  proportion  of  K  and   f 

SasaJts  in  the  food  is  a  factor  in  determining  the  quantity 

'KaCI  required.     A  double  decomposition  takes  place  inf 

[ithebody  between  potassium  phosphate  and  sodium  chloride, 

'potassium  chloride  and  sodium  phosphate  being  formed  and 

excreted ;  and  the  loss  of  Na  and  CI  in  this  way  depends 

OQ  the  relative  proportions  of  K  and  Na  in  the  food.     In 

most  vegetables  the  proportion  of  K  to  Na  is  much  greater 

than  in  animal  food,  so  that  vegetable-feeding  animals  and 

men  as  a  rule  desire  and  need  relatively  great  quantities  of 

sodium  chloride.     But  it  is  stated  that  the  inhabitants  of  a 

portion  of  the  Soudan  use  KCl  instead  of  NaCl,  obtaining 

the  K  salt  by  burning  certain  plants  which  leave  an  ash 

poor  in  carbonates,  and  then  extracting  the  residue  with 

v,-i\tT  and  evaporating  (Dybowski).     A  beef-eating  English 

soldier  consumes  about  7  grammes  (^  02.)i  a  rice-eating 

Sepoy  about  18  grammes  (J  oz.),  of  common  salt  per  day. 

Wine,  beer,  tea,  coffee,  cocoa,  etc.,  belong  to  the  im- 
portant class  of  atimulantfl.  Some  of  them  contain  small 
qnantities  of  food  substances,  but  these  are  of  secondary 
interest.  In  beer,  for  example,  there  are  traces  of  proteids, 
dutrin,  and  sugar,  but  iS  litres  of  beer  would  be  required 
to  yield  20  grammes  N,and  12  litres  to  give  300  grammes  C; 
*nd  nobody,  e.xcept  a  German  corps  student,  could  consume 
swh  quantities. 

In  some  cocoas  there  is  as  much  as  50  per  cent,  of  fat, 
4 per  cent,  of  starch,  and  13  per  cent,  of  proteids  ;  and  in 
the  cheaper  cocoas  much  starch  is  added.  Still,  a  large 
<loantity  of  the  ordinary  infusion  would  be  needed  for  a 
satisfying  meal.  Frederick  the  Great,  indeed,  in  some  of 
his  famous  marches  dined  off  a  cup  of  chocolate,  and  beat 
conibined  Europe  on  it;  but,  then,  his  ordinary  menu  was 
oiDch  more  varied  and  substantial. 

The  great  soci.il  and  hygienic  evils  connected  with  the  abuse  of 
ilcabol,  a^  well  as  its  applications  in  therapeutics,  render  it  necessary, 
or  at  least  permissible,  to  state  a  little  more  fully,  though  only  in  the 
ibrm  of  summary,  the  present  state  of  our  knowledge  as  to  its  aclioo 
uid  uses. 

ii)  In  small  quantities  alcohol  is  oxidized  in  the  bod^^^i 
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little  of  it,  however,  being  excreted  unchanged  in  the  breath 
and  urine.  It  is  therefore  to  some  extent  a  food  substance, 
although  it  is  never  taken  for  the  sake  of  the  energj-  its 
oxidation  can  supply,  but  always  as  a  stimulant. 

(2)  There  is  no  reason  to  suppose  that  this  energy  cannot 
be  utilized  as  a  source  of  work  in  the  body.  Heat  can 
certainly  be  produced  from  it,  but  this  is  far  more  than 
counterbalanced  by  the  increase  in  the  heat  loss  which  the 
dilatation  of  the  cutaneous  vessels  caused  by  alcohol  brings 
about. 

(3)  It  is  a  very  valuable  drug  as  a  cardiac  and  general 
stimulant  in  certain  diseases,  e.^.,  pneumonia. 

(4)  Alcohol  is  occasionallyof  use  in  disorders  not  amounting 
to  serious  disease,  e.g,,  in  some  cases  of  slow  and  difficult 
digestion. 

(5)  Alcohol  is  of  no  use  for  healthy  men. 

(6)  Alcohol  in  strictly  moderate  doses  is  not  harmfal  to 
healthy  men,  living  and  working  under  ordinary  conditions. 

(7)  Recent  experience  goes  to  show  that  in  severe  and 
continuous  exertion,  coupled  with  exposure  to  all  weathers, 
as  in  war  and  in  exploring  expeditions,  alcohol  is  injurious, 
and  it  is  well  known  that  it  must  be  avoided  in  mountain 
climbing. 

Tea,  coffee,  and  cocoa  are  more  suitable  stimulants  for 
healthy  persons,  because  they  arc  less  dangerous  than  alcohol 
and  they  leave  no  unpleasant  effects  behind  them.  But  it 
should  be  remembered  that  there  is  no  stimulant  which  is 
not  liable  to  be  abused. 

Certain  organic  acids  contained  in  fresh  vegetables 
although  neither  in  the  ordinary  sense  foods  nor  condiment^ 
seem  to  be  necessary  for  the  maintenance  of  health,  for  in 
circumstances  in  which  these  cannot  be  obtained  for  long 
periods,  scurvy  is  liable  to  break  out.  It  is  prevented  bf 
the  use  cf  lime  or  lemon-juice,  in  which  citric,  and  a  trace rf 
malic  acid  are  contained. 


Internal  Secretion. — Certain  of  the  substances  taken  in  frooBtfcl 

blood  by  the  liver  find  their  way,  after  undergoing  various  changa; 
into  the  biliary  capillaries,  and  are  excreted  as  bile  ;  certain  o^cf 
substances,  such  as  sugar  and  the  precursors  of  urea,  are  taken  upbf 
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ihe  hepatic  cells,  iransformed,  and  sometimes  stored  for  a  time 
within  them,  and  then  given  out  again  to  the  blood.  Bile  we  may 
call  the  exUrnal  secrefiofi  of  the  liver,  glycogen  and  urea  constituents 
of  lis  internal  secretion.  In  one  sense  it  is  evident  that  all  tissues, 
whether  glands  in  the  morphological  sense  or  not,  may  be  considered 
as  manufacturing  an  internal  secretion.  For  everything  that  an  organ 
absorbs  from  the  blood  and  lymph  it  gives  out  to  them  again  in  some 
form  or  other  except  in  so  far  as  it  builds  up  or  separates  out  a 
secretion  that  jiasscs  away  by  special  ducts.  But  it  is  usual  to  employ 
the  term  only  in  relation  to  organs  of  glandular  build,  whether  pro- 
vided with  ducts  or  not. 

It  is  known  that  in  the  case  of  the  liver  the  internal  secretion  is 
more  important  than  the  external,  for  an  animal  cannot  live  without 
its  liver,  while  it  is  but  little  affected  by  the  continuous  escape  of  the 
bile  through  a  fistulous  opening.  The  same  is  true  of  the  pancreas 
and  the  kidney.  For  when  the  pjmcreas  is  excised  death  inevitably 
follows  in  many  species  of  animals,  and  in  man  severe  and  ulti- 
mately fatal  diabetes  is  often  associated  with  pancreatic  disease, 
while  the  mere  loss  of  the  pancreatic  juice  through  a  fistula  does  not 
necessarily  shorten  life,  although  the  absorption  of  fat  is  seriously 
interfered  with.  And  when  the  half  of  one  kidney  and  the  whole  of 
the  other  have  been  removed  from  a  dog  by  successive  operations, 
death  also  ensues,  although  the  quantity  both  of  water  and  urea 
excreted  by  the  fragment  of  renal  substance  that  remains  is  far  above 
the  normal  (polyuria).  The  cause  of  death  in  both  these  cases 
seems  to  be  a  profound  disturbance  of  meiaboiism,  of  which  the  most 
significant  token  after  extirpation  of  the  pancreas  is  the  increased 
production  of  sugar  and  its  appearance  in  the  urine,  and  after  inter- 
ference with  the  kidneys  the  increased  production  of  urea.  Uoth  in 
pancreatic  dtabcies  and  in  exixirimenial  polyuria  the  destruction  of 
proteids  is  increased.  When  only  one  kidney  is  excised  the  other 
hypertrophies  and  no  ill  effects  ensue;  nor  does  diabetes  appear 
after  partial  removal  of  the  pancreas,  nor  after  complete  removal  if  a 
portion  of  pancreatic  tissue,  even  from  another  animal,  be  grafted 
anywhere  in  the  peritoneal  cavity  or  indeed  under  the  skin.  Although 
as  yet  we  are  entirely  ignorant  of  the  manner  in  which  the  kidney  and 
the  pancreas  influence  the  metabolism  of  the  body,  it  is  im])DssibIe  to 
doubt,  in  view  of  the  facts  we  have  mentioned,  that  both  of  these 
organs,  like  the  liver,  are,  in  addition  to  the  preparation  of  their 
ordinary  or  external  secretions,  engaged  in  an  active  and  all-important 
commerce  with  the  circulating  fluids,  giving  to  them  or  taking  from 
them  substances  on  the  manufacture  or  destruction  of  which  the 
normal  metabolic  processes  depend.  Schafer  has  suggested  that  the 
seat  of  the  internal  secretion  of  the  pancreas  is  the  very  vascular 
epithehoid  tissue  which  is  peculiar  to  this  gland,  and  occurs  in 
islands  between  the  alveoli.  For  animals  survive  the  complete 
atrophy  of  the  ordinary  secreting  epithelium  caused  by  the  injection 
of  paraflin  into  the  ducts  ;  no  sugar  appears  in  the  urine,  and  the 
grafting  of  such  an  atrophied  organ  prevents  pancreatic  diabetes. 

The   influence    of    castration   in    preventing   the    physical  and 
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psychical  changes  that  normally  occur  at  puberty,  is  no  doubt  ilso, 
in  part  at  least,  due  to  the  loss  of  the  internal  secretion  of  the  t«tt«L 

ilut  the  capacity  of  manufacturing  internal  secretions  of  bigb 
importance  can  neither  be  attributed  to  all  glands  with  ducts  nor 
denied  to  all  other  organs.  I'or  the  salivary,  mammary  and  gwlric 
glands  may  be  completely  removed  without  causing  any  serious 
effects^  while  death  follows  excision  of  the,  so  far  as  mere  bulk  is 
concerned,  apparently  insignificant  masses  of  tissue  in  the  ductless 
thyroid,  suprarenal  and  pituitary  bodies. 

When  the  tiiyroid  is  completely  removed,  symptoms  and  patho- 
logical changes  ensue  which  differ  in  different  species  of  aniraals,  but 
in  monkeys  (and  in  man  when  the  thyroid  has  been  excised  for 
goitre)  resemble  those  of  the  disease  known  as  myxuxlcma,  ta 
which  the  epidermis  is  dry,  and  the  true  skin  and  subcutaneous  tissue 
are  filled  with  ccdematous  Huid  containing  mucin.  Carmvoroos 
animals  do  not,  as  a  rule,  survive  the  oijeration  long  enough  for  these 
changes  to  be  developed  (p.  461 ).  Muscular  weakness  soon  bccomei 
marked  ;  tremors  of  central  origin  appear,  and  increase  in  5c\erity 
until  at  length  they  culminate  in  general  spasmodic  attacks.  The 
tissues  waste,  the  temperature  becomes  subnormal,  and  this  is 
associated  with  changes  in  the  heat  r^ulation  (p.  440).  Dogs  aod 
cats  often  die  in  a  few  days  after  the  operation ;  occasionally  ibcf 
survive  some  months,  and  in  rare  cases  a  year.  If  a  portion  of  die 
thyroid  be  left,  or  a  graft  be  made,  these  effects  are  entirely  obviated. 
Not  only  so,  but  the  administration  of  extracts  of  the  thyroid  glands 
by  subcutaneous  injection,  or  the  glands  themselves  by  the  luouth, 
brings  about  a  cure  in  cases  of  myxtedema  in  mnn,  and  sotD^ 
times,  but  with  far  less  certainly,  prevents  the  development  of  llw 
syra|)toms  in  animals  or  removes  them  when  they  have  appeared. 
While  the  precise  nUf  played  by  the  thyroid  in  the  economy  remains 
obscure,  it  is  very  evident  that  its  secretion  is  of  the  utmost 
importance,  whether  it  be  solely  the  quasi -external  secretion  of 
*  colloid  '  that  collects  in  its  alveoli  and  slowly  passes  out  of  them  by 
the  lymphatics,  or  some  other  substance,  which,  like  the  glycogen  of 
the  liver,  never  finds  its  way  into  the  lumen  of  the  gland  lubes  at  all- 
It  is  a  remarkable,  and  as  yet  inexplicable,  fact  that  in  birds  thyroi- 
dectomy appears  to  be  harmless.  The  apparent  immunity  of  rodtnts 
to  this  operation  is  due,  it  has  been  suggested,  to  the  presence  01 
sporadic  masses  of  thyroid  tissue  (accessory  thyroid  glands). 

Suprarenal  Capgules.— It  had  been  obscned  by  Addison  that  the 
malady  which  now  bears  his  name,  and  in  which  certain  vascul*^ 
changes,  with  muscular  weakness  and  pigmentation  or  'bronzing'*^ 
the  skin,  are  prominent  symptoms,  was  associated  with  disease  of 
the  suprarcnals.  This  clinical  result  was  soon  supplemented  \3)^^ 
discovery  that  extirpation  of  the  capsules  in  animals  is  incompal'l*'* 
with  life  (lirown-Sequard).  And  quite  recently  our  knowledge  oi  ^'^^ 
functions  of  these  hitherto  enigmatic  organs  has  been  j,re3tly 
extended  by  the  experiments  of  Oliver  and  Schafer,  who  ha^ 
investigated  the  action  of  extracts  of  the  suprarenals  (of  calf,  sbcepi 
^9Sf  guinea-pig  and  man)  when  injected  into  the  veins  of  anito^- 
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The  Arteries  are  greatly  contracted,  and  this  indepeiidenlly  of  the 
vaso-motor  centre.  The  blood-pressure  rises  rapidly,  although  the 
heart  is  strongly  inhibited  through  the  vagus  centre.  When  the  vagi 
are  cut  the  action  of  the  heart  is  markedly  au^ented,  and  the  arterial 
pressure  rises  enormously  (to  four  or  five  times  its  original  amount). 
Stimulation  of  the  depressor  is  of  no  avail  in  combating  this  increase  of 
blood-pressure.  The  curve  of  contraction  of  the  skeletal  muscles  is 
lengthened  as  in  veratria  poisoning  (p.  497),  though  to  a  less  extent. 
The  active  principle  that  produces  these  effects  is  solely  contained  in 
the  medulla  of  the  gland,  and  such  is  its  extraordinary  power  that  a 
dose  of  one-millionth  of  a  gramme  per  kilo  of  body-weight  is  sufficient 
to  cause  a  <listinct  effect  upon  the  heart  and  bloodvessels.  It  was  en- 
tirely absent  from  the  suprarenals  of  a  person  who  had  died  of 
Addison's  disease.  Oliver  and  Schiifer  conclude  that  the  function  of 
the  capsules  is  to  secrete  a  substance,  probably  of  great  physiological 
importance  for  maintaining  the  tonicity  of  the  muscular  tissues  in 
generali  and  especially  of  the  heart  and  arteries. 

When  the  pittdtaiy  body  is  removed  (in  cats),  death  generally 
occurs  within  a  fortnight,  with  symptoms  not  unlike  those  that  follow 
excision  of  the  thyroid  It  has  been  stated,  too,  that  the  pituitary 
undergoes  (compensator)-?)  hypertrophy  after  thyroidectomy,  and 
many  observers  have  accordingly  assumed  a  similarity  of  function  for 
these  organs.  But,  according  to  Schafer,  there  is  no  basts  for  this 
assumption.  For  in  man  pathological  changes  in  the  pituitary  Ijody 
are  associated,  not  with  mv-xtedema,  as  disease  of  the  thyroid  is,  but 
with  another  condition,  called  acromegaly,  in  which  the  bones  of  the 
limbs  and  face  become  hypertrophied.  And  the  effects  on  the 
vascular  system  of  intravenous  injection  of  extracts  of  the  gland  are 
just  the  reverse  of  those  caused  by  thyroid  extract :  while  thyroid 
extract  brings  about  a  fall  of  blood-pressure  without  affecting  the 
heart-beat,  pituitary  extract  causes  a  rise  of  pressure,  due  partly  to 
increase  in  the  force  of  the  heart  and  partly  to  constriction  of  the 
arterioles  (Oliver  and  Schafer). 


XT 


CHAPTER   VIII. 
ANIMAL  ITEAT. 

From  the  earliest  ages  it  must  have  been  noticed  that  the 
bodies  of  many  animals,  and  particularly  of  men,  are  warmer 
than  the  air  and  than  most  objects  around  them.  The 
'  vulgar  opinion  *  of  Bacon's  time,  '  that  fishes  are  the  least 
warm  internally,  and  birds  the  most.'  if  it  does  not  imply  a 
very  extensive  knowledge  of  animal  temperature,  at  least 
shows  that  the  fundamental  distinction  of  warm  and  cold- 
blooded animals,  which  is  to-daj'  more  accurately  expressed 
as  the  distinction  between  animals  of  constant  temperature 
(homoiothermal)  and  animals  of  variable  temperature 
(poikilothennal),  had  been  grasped,  and  was  even  popularly 
known.  Since  that  time  the  accumulation  of  accurate 
numerical  results,  and  the  advance  of  physical  and  physio- 
logical doctrine,  have  given  us  definite  ideas  as  to  the  rela- 
tion of  animal  heat  to  the  metabolic  processes  of  the  body. 
It  is  impossible  to  understand  the  present  position  of  the 
subject  without  an  elementar)*  knowledge  of  the  science  of 
heat.  For  this  the  student  is  referred  to  a  text-book  of 
physics.  All  that  can  be  done  here  is  to  preface  the  physio- 
logical portion  of  the  subject  by  a  few  remarks  on  the 
physical  methods  and  instruments  employed  : 

Temperature. —Two  bodies  arc  at  the  same  temperature  if^  when 
placed  in  contact,  no  exchange  of  heai  lakes  place  between  them. 
They  are  at  different  temperatures  if,  on  the  whole,  heat  passes  from 
one  to  the  other,  and  that  body  from  which  the  heat  passes  is  at  the 
higher  temperature.  It  is  known  by  experiment  that  if  two  bodiesof 
different  temperature  arc  placed  in  contact,  heat  will  pass  from  one 
to  the  other  till  they  come  to  have  the  same  temperature.  If,  then, 
we  have  the  means  of  finding  out  the  temperature  of  any  one  body, 
ire  can  arrive  at  the  temperature  of  any  other  by  placing  the  two  in 


kootact  for  a  sufficiently  long  time,   under  the   proviso  that   the 
MBtntity  of  heat  necessary  to  bring  the  temperature  of  the  first  body, 
nrhich  may  be  called  the  'measuring  '  body,  to  equality  with  that  of 
■he  second,  is  so  sniall  as  not  to  make  a  sensible  difleretice  in  the 
Buiet.    This  is  the  principle  on  which  therniometric  measurernenls 
vpend.     A  mercurial  thermometer  consists  of  a  quantity  of  mercury 
ordmarily  contained  in  a  thin  glass  bulb,  the  cavity  of  which  is  con- 
irau«i  into  a  tube  of  very  fine  bore  in  the  stem.     Like  most  other 
sobstances,  mercury  expands  when  the  temperature  rises,  and  con- 
tacts when  it  sinks,  and  the  amount  of  expansion  or  contraction  is 
shown  by  the  rise  or  fall  of  the  mercurial  column  in  the  stem  of  the 
thenDOmeter.     The  point  at  which  the  meniscus  stands  when  the 
bolb  is  immersed  in  melting  ice  or  ice<o1d  water  is,  on  the  centi- 
|4cale,  taken  as  zero ;  the  point  at  which  it  stands  when  the 
lelcr  is  surrounded  by  the  steam  rising  from  a  vessel  of 
^  water  is  taken  as  loo  decrees.     The  intermediate  portion  of 
[ihestem  is  divided  into  degrees  and  fractions  of  degrees.     When, 
•ow,  we  measure  the  temperature  of  any  part  of  an  animal  with  such 
1 1  Ihennometer.  we  place  the  bulb  in  contact  with  the  part  until  the 
nercmyhas  ceased  to  rise  or  fall.     VV'e  know  then  that  the  mercury 
hu  ceased  to  expand  or  contract,  and  therefore  that  its  temperature  is 
itoioQary,and  presumably  the  same  as  that  of  the  part.  It  is  to  be  noted 
thuwehave  gained  no  information  whatever  as  to  the  amount  of 
boi  in  the  body  of  the  animal.     We  have  only  observed  that  the 
iwcury  of  the  thermometer  when  its  temperature  is  the  same  as  that 
of  the  given  part  expands  to  an  extent  marked  by  the  division  of  the 
Kile  at  which  the  column  is  stationary.     And  we  know  that  if  the 
"wtury  rises  to  the  same  ix>int  when  the  thermometer  is  applied  to 
•wwher  part,  the  temperature  of  the  latter  is  the  same  as  that  of  the 
*nt  part ;  if  the  mercury  rises  higher,  the  temperature  is  greater, 
'foot  So  high,  it  is  less.     The  thermometer,  then,  only  informs  us 
'hetberheat  would  flow  from  or  into  the  part  with  which  it  is  in  con- 
^  if  the  part  were  placed  in  thermal  connection  with  any  olher 
"ody  of  which  the  temperature   is    known.      In   other  words,  the 
tcvpenuure  is  a  measure  of  the  heat  *  tension/  so  to  speak  ;  and 
«9efence  of  temperature  between  two  bodies  is  analogous  to  differ- 
^of  potential  between  the  poles  of  a  voltaic  cell  (p.  463),  or  to 
(lifference  of  level  Ixitwccn  the  surface  of  a  mill-pond  and  the  race 
''How  the  wheel. 

The  ceiDi>erature  of  an  animal  is  measured  in  one  of  the  natural 
'^vities,  as  the  rectum,  vagina,  mouth,  or  external  ear,  or  in  the  axilla, 
W«  any  part  of  the  skin.  For  the  cavities  a  mercur>'  thermometer 
*»  nearly  always  used ;  the  ordinary  little  ma,ximum  thermometer  is 
"*fllt  convenient  for  clinical  purposes.  The  temperature  of  the  skin 
^  be  measured  by  an  ordinary  mercury  thermometer,  the  outer 
ponion  of  the  bulb  of  which  is  covered  by  some  badly  conducting 
ttaterial.  An  tmcovered  thermometer,  heated  nearly  to  the  teni- 
petatare  expected,  will  also  give  approximate  results,  especially  if  the 
Nbts  in  the  form  oi  a  flat  spiral,  which  can  be  easily  applied  10  the 
nuboe.    But  a  certain  error  is  aiways  introduced  by  the  mlcxictexvtt 
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(j.  BT-iting  of  Icud- 
paper,  attached  toa  ct>vn'* 
slip,  and  iTiatmted  on  a 
holder;  W,  W.  wires  to 
llie  Wiieatilone's  bridge. 
An  incr«ase  of  tempera- 
ture causes  an  increase  in 
the  resistance  of  the  lead. 
The  balance  of  the  bridge 
is  thus  disturbed.  By  e?c- 
pcnmeni-ii  grA.iualion  the 
letnpctaturc  viiluc  of  ihe 
dellection.  or  of  the  change 
of  tvstsiaocc  ihai  baliincts 
it,  is  known  (p.  ^64). 


with  the  normal  heal  loss  from  the  portion  of  skin  covered  b>'  the 
thermometer.  A  better  method  is  the  use  of  a  thermo-electric 
junction,  or  a  resistance  thermometer  formed  of  a  grating  cut  out  of 
Ihin  lead-paper  or  tinfoil  (Fig.  112).  This  isespeciallyuseful  forconipar- 
ing  the  temperature  of  two  portions  of  skin.  The  temperature  of  the 
solid  tissues  and  liquids  of  the  body  may  also  be  measured  or  com- 
pared by  the  insertion  of  mercurial  or  resistance  thermometers  or 
thermo-electric  junctions  (p.  505). 

Calorimetry. — The  quantity  of  heat  given  off  by  an  animal  is 
generally  measured  by  the  rise  of  temperature  which  it  produces  in 
a  known  mass  of  some  standard  substance.  Sometimes,  however,  as 
in  the  ice  calorimeter  of  I^voisier  and  Laplace  and  the  ether  calori- 
meter of  Rosen- 
thal, a  physical 
change  of  state 
— ^intheonecase 
liquefaction  of 
ice,  in  the  other 
evaporation  of 
ether— is  taken 
as  token  and 
measure  of  heat 
received  by  the 
measuring  sub- 
stance, the  nun>- 
ber  of  units  of 
heal  correspond- 
ing to  liquefac- 
tion of  unit  mass  of  ice  or  evaporation  of  unit  mass  of  ether  being 
known.  The  unit  generally  adopted  in  the  measurement  of  heat  is  the 
quantity  required  to  raise  the  temperature  of  a  kilogramme  of  water 
I**  C,  which  is  called  a  ralorie.  The  thousandth  part  of  this,  the 
quantity  needed  to  raise  the  temperature  of  a  gramme  of  water  by 
1",  is  termed  a  small  calorie  or  millicaloric- 

In  the  calorimeters  which  have  been  chiefly  used  in  physiology 
either  water  or  air  has  been  taken  as  the  measuring  substance.  The 
most  convenient  form  of  water  calorimeter  is  a  box  with  double 
walls,  the  space  between  which  is  filled  with  a  weighed  quanrity  of 
water  The  animal  is  pSaced  inside  the  vessel,  and  the  temperature 
of  the  water  noted  al  the  beginning  and  end  of  the  expenment. 
Suppose  that  the  quantity  of  water  is  i  o  kilos,  and  that  the  temperature 
rises  one  degree  in  thirty  minutes,  then  the  amount  of  heat  lost  by 
the  animal  is  10,000  small  calories  in  the  half-hour,  or  480,000  in 
the  twenty-four  hours,  and  if  the  rectal  temperature  is  unchanged, 
this  will  also  be  the  amount  of  heat  produced.  Here  we  assume 
(1)  that  all  the  heat  lost  by  the  animal  has  gone  to  heat  the  water 
and  none  to  heat  the  metal  of  the  calorimeter,  [2)  that  none  has  been 
radiated  away  from  the  outer  surface  of  the  latter.  The  fiist  assump- 
tion will  seldom  introduce  any  sensible  error  in  a  prolonged  physio- 
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al  experiment ;  but  it  is  very  easy  to  determine  by  a  separate 

emtion   the   waler-equivalent  of  the   calorimeter,   that    is,  the 

"quantity  of  water  whose  temperature  will  be  raised  i"  by  a  quantity 

(rf  heat  which  just  suffices  to  raiste  the  temperature  of  the  metal  by 

r.    Then  the  water-equivalent  is  added  to  the  quantity  of  water 

actually  present,  and  the  sum  is  multiplied  by  the  rise  of  temperature. 

If  the  temperature  of  the  room  is  constant,  as  will  be  approximately 

the  case  in  a  cellar,  any  error  due  to  interchange  of  heat  between 

the  v^klorimeter  and  its  surroundings  may  be  eliminated  by  making 

the  initial  temperature  of  the  water  as  much  less  than  that  of  the 

air  IS  the  final  temperature  exceeds  it.     Then  if  the  loss  of  heat  by  the 

aniinal  is  uniform,  as  much  heat  is  gained  during  the  first  half  of  the 

WTienment  by  the  calorimeter  from  the  air  as  is  lost  by  it  to  the  air 

dimng  Ae  last  half.     Or,  without  lowering  the  temperature  of  the 

water,  the  amount  of  heat  lost  by  the  calorimeter -during  an  experi- 

Dxnt  may  be  previously  determined  by  a  special  observation,  and 

[added  to  the  quantity  calculated   from   the  observed  rise  of  tern 

rpoature.     Or,  finally-,  two  similar  calorimeters  may  be  used,  one 

ftwi'aimng  the  animal  and  the  other  a  hydrogen  flame,  or  a  coil  of 

»i«  traversed  by  a  voltaic  current,  which  is  regulated  so  as  to  keep 

[_tl*  temperature  the  same  in  the  two  calorimeters.    From  the  quantity 

f  liTdrpgen  burnt,  or  electricity  passed,  the  heat  production  of  the 

I  can  be  calculated. 
Of  late  years  air  calorimeters  have  come  into  vogue  for  physio- 
3pcal  purposes.  A  diagram  of  one  is  shown  in  Fig.  115.  Such 
l^iiotimeters  are  really  thermometers  with  an  immense  radiating 
^i^ixjt,  for  only  a  small  proportion  of  the  heal  given  off  by  the 
Wflulgocs  to  heat  the  measuring  substance.  The  specific  heat  of 
>ir,  or  the  quantity  of  heat  required  to  raise  the  temperature  of  unit 
Ottss  of  air  by  one  degree,  is  very  small  in  comparison  with  that  of 
*Ucr.  A  given  tiuantily  of  heat  raises  the  temperature  of  an  air 
olonraetcr  mucl^more  than  that  of  a  water  calorimeter  of  the  same 
<|uien«ions ;  and  the  loss  of  heat  to  the  surroundings  being  propor- 
'^Wal  to  the  elevation  of  temperature,  in  the  water  calorimeter  the 
tiitcf  pan  of  the  heat  is  actually  retained  in  the  water,  while  in  an  air 
Calorimeter  the  greater  [wrtion  passes  through  the  air  space,  and  is 
'Xliated  away,  ^\'hcn  the  amount  of  heat  lost  by  the  calorimeter 
wcfliMs  equal  to  that  gained  from  the  animal,  the  'steady'  reading 
^Jf  the  instrument  is  taken,  and  from  this  the  heat  production  can  be 
^Jfiduced  by  an  experimental  graduation  of  the  apparatus.  One  advan- 
*ige  of  an  air  calorimeter  is  that  it  follows  more  closely  rapid  variations 
■"  the  heat  production  of  the  animal,  or.  to  speak  more  correctly,  in 
^c  heat  loss.  It  should  be  carefully  noted  that  in  calorimetry  what 
"sdiretnly  mea.sured  is  the  quantity  of  heat  given  out  by  the  animal. 
^  the  quantity  produced.  The  two  quantities  are  identical  only 
■ten  the  temi>erature  of  the  animal  has  remained  unchanged  through- 
owl  the  experiment.  If  the  temperature  has  fallen,  the  quantity  of 
^i  produced  is  equal  to  the  quantity  measured  by  the  calorimetci 
""«/!  the  difference  between  the  quantity  in  the  animal  at  the  begin- 
i**!!!  and  at  the  end  of  the  observation.     This  difference  \s  ec\\Uk\.  Vo 
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the  average  specific  heat  of  the  animal  multiplied  by  its  weight  and 
by  the  fall  of  temperature.  It  can  be  approximately  found  hy 
multiplying  the  weight  (in  kilogrammes  or  grammes)  by  the  fill  of 
rectal  temperature  (in  degrees),  since  the  average  specific  heal  of  the 
body  of  a  mammal  at  least  is  not  very  different  from  that  of  water, 
and  the  specific  heat  of  water  is  taken  as  unity. 

.\11  the  higber  animals  (mammals  and  birds)  have  a  prac- 
tically constant  internal  temperature  (swallow  44',  mouse  41', 
dog  39',  man  38'  in  the  rectum),  but  a  few  hibernating 
mammals,  such  as  the  marmot,  are  homoiothermal  m  summer. 


{/. 


Fig.  h>— Aih  Calobimetci. 
,  crou-section  :  (//■)■  lont;liudIn«l  wciion  :  A.  caiitToTolM^ 


rneier  Tor  animal :  B,  copper  cylinder  corTu^ated  so  nt  I'o  Jncn>*' 
ihe  radiating  lurrtce  ;  C,  lur  space  cDclosed  bctwrcn  B.  andaco*' 
centric  copper  cylinder  F  ;  C  is  air-tight,  nnd  is  conn«cted  by  the  inb?  a  wHIt  tbe  n*!*^ 
meter  M.  The  other  end  of  the  manometer  is  connected  with  an  exaclljr  v.i^ 
cslorimeler.  to  which  a  hydfof^n  flame  is  burnt  in  (he  spAce  corrc^pondinic  lo  A,  ortn 
which  the  air  In  A  is  healed  by  a  coil  of  wire  traveried  by  an  rlecirical  corrent.  Ttv 
fljiine  or  current  is  regulated  50  as  tu  keep  llic  coloured  petroleum  ot  mertury  Ib  1^ 
m-inometer  M  ni  the  same  level  in  both  limbs :  the  amount  of  heit  civen  ofTto  tk  om 
calorimtlcr  by  the  flamn  nr  current  is  then  equal  to  that  given  off  by  the  animal  Iffi^ 
of  her.  D  is  an  external  cylinder  of  copper  or  tin  perforated  bv  holes  (6.  7)  al  intefvalL 
The  purpose  of  it  is  to  prevent  drauehts  from  affecting  the  Ioh  of  beai  from  F  4-  5- 
are  lubes  through  which  thennonKtera  c»ti  b«:  introduced  into  C;  i  ts  ihr  termiMl*'* 
spiral  tube,  which  is  coiled  io  the  end  portion  of  the  air  ••pace  C.  The  ^ectioiu  of  llf 
coils  are  Indicated  by  imAll  circles,  The  other  end  of  the  spiral  tube  193;  thnMigh 
(his  tube  air  is  sucked  out,  and  so  the  proper  ventilation  of  thr  animal  is  krpi  up.  ^ 
object  of  the  spiral  .irrangement  is  thai  the  air  aspirated  out  of  A  may  give  upitslw' 
to  the  air  in  C  before  passing  out.     H  is  a  door  with  double  glass  walli^ 

poikilothermal  during  their  winter  sleep.  In  the  lower  forms 
the  body  temperature  follows  closely  the  temperature  of  the 
environment,  and  is  never  very  much  above  it  ^frog  05*  w3 
above  external  temperature).  Both  in  a  frog  and  in  * 
pigeon  heat  is  evolved  as  long  as  life  lasts  ;  but  per  unit  of 
weight  the  amphibian  produces  far  less  than  the  bird,  and 
loses  far  more  readily  what  it  does  produce.  The  tempera- 
ture of  the  frog  may  be  30'  in  June  and  5'  in  Januar>*.    The 
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Qctore  of  its  tissues  is  unaltered  and  their  vitality  un- 
impaired by  such  violent  fluctuations.     But  it  is  necessar}--, 
only  for    health,  but   even   for   life,  that   the  internal 
apcrature  (the  temperature  of  the  blood)  of  a  man  should 
ir\*  only  within  relatively  narrow  limits  around  the  mean  of 
f  to  38*  C. 

[Why  it  is  that  a  comparatively  high  temperature  should 
1  Deeded  for  the  full  physiological  activity  of  the  tissues 
'\\  mammal,  while  the  in  many  respects  similar  tissues 
fa  fish  work  perfectly,  although  perhaps  more  sluggishly, 
at  a  much  lower  temperature,  is  not  quite  clear;  nor  do 
we  know  the  precise  significance  of  that  constancy  of 
temperature  in  the  warm-blooded  animal,  which  is  as  im- 
portant and  peculiar  as  its  absolute  height.  The  higher 
animals  must  possess  a  superior  delicacy  of  organization, 
bardly  revealed  by  structure,  which  makes  it  necessary  that 
ibej'  should  be  shielded  from  the  shocks  and  jars  of  varj'ing 
temperature  that  less  highly-endowed  organisms  endure  with 
iflipunity.     Leaving  the  discussion  of  the  local  differences 

fi  periodic  variations  of  the  temperature  of  warm-blooded 
mals  to  a  future  page,  let  us  consider  now  the  mechanism 
which  the  loss  of  heat  is  adjusted  to  its  production,  so 
that  upon  the  whole  the  one  balances  the  other. 

Heat  Loss. — Heat  is  lost,  (i)  from  the  surfaces  of  the  body 
^radiation,  conduction  and  convection;  (2;  as  latent  heat 
ttbe  watery  vapour  given  off  by  the  skin  and  lungs;  and 
Jin  the  excreta.  Even  in  the  bulky  excrement  of  herbivora 
Droparatively  trifling  part  of  the  total  heat  is  lost.  The 
Dod  channel  of  elimination  is  much  more  important ;  the 
:  is  in  general  the  most  important  of  all. 
The  loss  of  heat  by  direct  radiation  from  a  portion  of  the 
or  clothes,  or  from  hair,  fur,  or  feathers  covering  the 
a,  may  be  measured  by  means  of  a  thermopile  or  a  re- 
'JWance  radiometer  (bolometer).  The  latter  instrument  is 
^milar  in  principle  and  allied  in  construction  to  the  re- 
'Ktance  thermometer  used  in  measuring  superficial  tempera- 
^s,  and  already  described  (Fig.  112,  p.  ♦20).  It  rnay  con- 
[^uf  a  grating  of  lead-paper  or  tinfoil  fixed  vertically  in  a 
Jlbox  which  protects  it  from  draughts.     The  box  has  a 
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sliding  lid,  which  is  kept  closed  till  the  momeat  of  the  obser- 
vation, when  it  is  withdrawn  and  the  portion  of  skin  applied 
to  the  opening  at  a  fixed  distance  (5  to  10  cm.)  from  the 
grating.  The  intensity  of  radiation  depends  on  the  excess 
of  temperature  of  the  radiating  surface  over  that  of  the 
surroundings,  as  well  as  on  the  nature  of  the  surface.  Tbe 
uncovered  parts  of  the  skin  (face  and  hands  in  man)  radiate 
more  per  unit  of  area  than  the  clothes  or  hair;  and  the  warn 
forehead  more  than  the  comparatively  cool  lobe  of  the  earor 
tip  of  the  nose.  When  a  man  is  sitting  at  rest  in  a  still 
atmosphere,  pure  radiation  plays  a  greater,  and  condnction 
and  convection  play  a  smaller,  part  in  the  total  loss  of  heat 
from  the  skin  than  when  he  is  walking  about  or  sitting  in  a 
draught.  The  more  rapidly  the  air  in  contact  with  the  skic 
and  clothes  is  renewed,  the  lower,  other  things  being  equal, 
is  the  temperature  of  the  radiating  surfaces  kept,  the  greater 
is  the  loss  of  heat  by  conduction  to  the  adjacent  portions  0! 
air,  and  the  smaller  the  loss  by  radiation  to  the  walls  of  the 
room,  the  furniture  and  other  surrounding  objects.  It  s 
probable  that,  under  the  most  favourable  conditions,  the 
amount  of  heat  lost  from  the  surface  by  true  radiation  docs 
not  exceed  the  amount  lost  by  conduction  and  convectioa. 

The  loss  of  heat  by  evaporation  of  water  from  the  skin 
can  be  calculated  if  we  know  the  quantity  of  water  so  giveo 
ofif.  For  a  gramme  of  water  at  the  ordinary  temperanin; 
(say,  15"  C.)  needs  555  millicalories  to  convert  it  into 
aqueous  vapour  at  the  average  temperature  of  the  skio. 
If  we  take  the  average  quantity  of  water  excreted  as  s\\'eal  to 
twenty-four  hours  as  730  cc,  this  will  be  equivalent  to  a  belt 
loss  of  416,250— say,  in  round  numbers,  400,000 — millicalories 

The  quantity  of  heat  given  off  by  the  lungs  may  be  also 
deduced  from  calculation,  the  data  being  (i)  the  weijril 
temperature,  and  specific  heat  of  the  expired  air,  and  {2Mk 
excess  of  water  it  contains  in  the  form  of  aqueous  vapour 
over  that  contained  in  the  inspired  air.  Helmholt;  caka* 
lated  the  quantity  of  heat  needed  to  warm  the  air  expired 
by  a  man  in  twenty-four  hours  from  an  initial  temperature 
of  20°  to  body  temperature,  at  70,000  small  calories,  and 
that  required  to  evaporate  the  water  given  off  by  the  longs  »l 
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397.000,  making  the  total  heat-loss  by  the  lungs  from  400,000 
to  500,000  small  calories.  By  direct  calorimetnc  observa- 
tions it  was  found  that  a  man  of  70  kilos  weight  gave  off  in 
normal  breathing,  with  an  air  temperature  of  12'  to  15'  C, 
from  350,000  to  450,000  small  calories.  Forced  respiration, 
as  might  be  expected,  increased  the  amount.  A  diagram  of 
a  respiration  calorimeter  is  shown  in  Fig.  114.  (See  Practical 
Exercises,  p.  458.) 

The  following  table  gives  an  analysis  of  the  heat-loss  of 
an  average  man.  It  must  be  understood  that  the  6gures  are 
only  approximate. 

Per  cent.         MilUcalories. 

j  Evaporation  of  water      -        -  '5    1  400,000 

Skin    ^Radiation       -        -        •        -  30    ^  80         750,000 

[Conduction  (and  convection)-  35    J  900,000 

Lunes '  ^^*ap"rat>on  of  water      -         -  15     1  ,,.(•/  400,000 

^  I  Heating  the  expired  air  -        -  a '5/  ^    I   70,000 

Heating  the  excreta       -        -  25       70,000 

100     2,590,000 

In  the  rabbit,  according  to  Nebeithau,  the  heat  lost  by 
evaporation  of  water  is  about  16  per  cent,  of  the  whole,  or 
about  the  same  proportion  as  in  man,  according  to  the 
above  calculation.  This  is  surprising  when  we  reflect  that 
the  rabbit  does  not  sweat,  and  drinks  comparatively  little 
water. 

Sources  of  the  Heat  of  the  Body. — Heat-productioiL — Some 
heat  enters  the  body  as  such  from  without — in  the  food, 
and  by  radiation  from  the  sun  and  from  fires.  The  ultimate 
source  of  all  the  heat  produced  in  the  body  is  the  chemical 
energy  of  the  food  substances.  Whatever  intermediate 
forms  this  energj'  may  assume — whether  the  mechanical 
energy  of  muscular  contraction ;  the  energy  of  electrical 
separation  by  which  the  currents  of  the  tissues  are  pro- 
duced ;  the  energy  of  the  nerve  impulse ;  or  the  energy,  be 
it  what  it  may,  which  enables  the  living  cells  to  perform 
their  chemical  labours — it  all  ultimately,  except  so  far  as 
external  mechanical  work  may  be  done,  appears  in  the  form 
of  heat.  We  do  not  know  at  what  precise  stage  of  meta- 
bolism the  chief  outburst  of  heat  takes  p\Act,\i\A  ^t  ■roa.*^ 
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be  sure  that  the  food,  whether  it  is  burned  in  a  calorimeter 
to  simple  end-products  like  carbonic  acid  and  water,  or 
more  slowly  oxidized  in  the  body»  yields  the  same  amount 
of  heat,  provided  always  that  in  both  cases  it  is  entirely 
consumed,  and  that  no  work  is  transferred  to  the  outside. 
In  the  body  the  combustion  of  carbo-hydrates  and  fats  is 
complete;   but  the  nitrogenous   residues  of  the  proteids — 

urea,  uric  acid, 
etc.  —  can  be 
further  oxi- 
dized, and  the 
remnant  of 
energj'  which 
they  yield 
must  be  taken 
into  account 
in  any  calcu- 
lation of  the 
total  heat- 
production 

founded  on  the  heat  of  combustion  of  the  food  substances. 
From  careful  experiments,  it  has  been  found  that  a  gramme 
of  dry  proteid  (egg-albumin),  when  burned  in  a  calorimeter, 
yields  5,735  millicalories  of  heat,  a  gramme  of  grape-sugar 
3.742,  and  a  gramme  of  animal  fat  9,500  millicalories 
(Stohmann). 


H,  copper  tube  Wilh 
motithpirce,  conncct«^d 
wllh  the  thin  hniss  cip. 
flule  4 ;  4,  is  coDDccled 
wUh  a  similar  capsule  3 
bjr  a  short  tutw,  which 
passes  out  from  it  ni  (he 
side  oppostic  to  that  at 
which  B  rnterx  ,  3  ard 
1  arc  similar  capsules. 
From  I  an  outlet  tube 
C  pusei  off.  The 
whole  is  set  in  a  copper 
CjrllDder  A  filled  wllh 
water.  A  piece  is  sup- 
posed to  be  cut  out  of 
A  in  order  to  shoM  the 
capsules  A  is  placed  in 
nnother  wider  copper 
cyiindcr. 


114.— kKSPIKATION   CALORI- 
METF.K. 


Heat  equivalent  of  i  gramme  of  albumin    ■ 
Albumin  (minus  urea  produced  from  it) 
Cant:-5ugar     .        -        ■        -        - 
Kreatin  (water-free) 
Starch    -        ^        -        .        -        . 


Ctlories. 
5.735 
4.949 
3.955 
4.^75 
4,182 


In  applying  such  results  to  the  calculation  of  the  heat- 
production  of  the  body,  it  is  niit  sufficignt  to  deduct  from 
the  heat  of  combustion  of  the  proteids  the  heat  which  the 
residual  urea  would  yield  if  fully  oxidized.  For  other  in- 
completely oxidised  products  arise  from  proteids  when  con- 
sumed in  the  body,  and  Rubner  has  shown,  by  actually 
determining  the  heat  of  combustion  of  the  urine  and  fceces. 
that   the   real   equivalent   of  a   gramme   of  albumin    is   at 


most  only  4,420  millicalories.     The  heat-equivalent  of  our 
specimen  diet  (p. 410)  will  be  approximately: 


Proteid.  1 30  grammes  x 

Fal,  100  grammes  x 

Carbo-hydrate  (reckoned  as 
glucose),  400  grammes   x 


L         „ 

VBat  this  is  the  diet  of  a  man  doing  a  fair  day*s  work  ;  and 
^  gel  the  quantity  of  energy  which  actually  appears  as  heat, 
the  heat-equivalent  of  the  mechanical  work  performed  must 
bcdedacted.  A  fair  day's  work  is  about  150,000  kilogramme- 
Btetres — that  is,  an  amount  equal  to  the  raisinj;  of  150,000 
idlogiammes  to  the  height  of  a  metre.  Now,  a  kilogramme- 
•degRCOFcakirie  of  heat  is  equivalent  to  (say)  425  kilogramme- 
metres  of  work,  and  a  kilogramme-metre  to 
cak}nes. 
ijo.ooox 


1000      .„. 
— —   milli- 
425 

The  heat-equivalent  of  the  day*s  work  is,  therefore. 

1000 


=  330,000  millicalories. 
425      ^^ 


Deducting  this  from 

the  heat-equivalent  of  the  food,  we  get  in  round  numbers 
2,7^.000  millicalories  as  the  quantity  of  heat  given  off. 
Tbis  corresponds  fairly  well  with  the  calculated  heat-loss 

t4a5),  Calorimetric  observations  have  given  results  in 
c  cases  not  widely  different,  in  others  considerably 
lugber.  Thus,  Hirn  found  that  a  man  of  73  kilos  weight 
produced  140,000  millicalories  per  hour  during  rest,  and 
^-19,000  during  an  hour's  work  of  32,550  kilogramme-metres. 
At  the  same  rate  for  the  twenty-four  hours  these  numbers 
■&uld  correspond  respectively  to  3,360,000  and  5,496,000 
^ail  calories.  But  it  is  not  legitimate  to  apply  the  results 
of  comparatively  short  observations  in  this  way ;  for,  on  the 
ODc  hand,  the  heat-production  during  sleep  is  much  less 
than  in  the  'rest'  of  ordinary  waking  life;  and,  on  the 
^ber,  continuous  labour  for  twenty-four  hours  at  the  rate  of 
^rc  than  30,000  kilogramnie-metres  per  hour  would  either 
^  impossible,  or  would  be  associated  with  a  greater  con- 
sumption of  food  or  of  tissue  than  corresponds  to  the  diet 
OQ  which  our  calculation  was  based.     During  the  uotmaX 
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eight  hours  of  sleep  the  heat-production  of  a  73  kilo  man 
is  only  about  45.000  millicalories  per  hour  (HelmhoIt/1,  of 
360,000.  Adding  to  this  2,240,000  (16x140,000),  for  the 
sixteen  resting  but  waking  hours,  we  get  2,600,000  as  the 
total  heat-production  of  the  'resting'  man.  Dividing  the 
day  into  eight  hours  of  work  at  the  rate  of  32,550  kilo- 
gramme-metres per  hour  (a  hard  day's  labour),  eight  hours' 
waking  rest,  and  eight  hours'  sleep,  we  get  a  heat-production 
of  3,312,000  small  calories  in  twenty-four  hours,  made  u| 
thus: 


Eight  hours'  work  x      229,000 

Eight  hours'  *  rest '  x      140,000 

Eight  hours*  sleep  x        45,000 


1 ,  1 20tC 

j6o,c 


Obser\'ations  have  also  been  made  on  man  by  0« 

a  water,  and  by  D*Arsonva!  with  an  air,  calorimeter. 
experiments  are  still  open  to  considerable  errors,  and 
heat -production  necessarily  varies  widely  with  the  diet, 
from  the  general  agreement  of  calculated  results  with  ac^ 
measurements  we  can  safely  conclude  that  mo^ii  Iw 

produce  hetween  2,000,000    and  3,000,000   small  calof  

*  test '  day,  or  a  day  of  tight  labour,  and  bftitecn  3,ooo,cxk)  mi 
4,000,000  on  a  day  of  hard  manual  work. 

Kubner  has  calculated  from  the  diet  the  heat-prod uctioa 
of  various  classes  of  men,  reducing  ever>'thing  to  the  star 
of  a  body-weight  of  67  kilos.  The  fasting  man,  of  67 
body-weight,  produces  2,303,000  calories  in  the  twenty- 
hours.  The  class  of  brain -workers,  represented  by  physicians 
and  officials,  produce  only  a  little  more  heat  than  the  fasting 
man,  vi^.,  2,445,000  calories.  The  second  class,  represented 
by  soldiers  (presumably  in  time  of  peace)  and  day-labourers 
(probably  of  a  cautious  and  conservative  type),  work  up  to 
2,868,oo<i  calories.  The  third  class,  composed  of  men  who 
work  with  machines  and  other  skilled  labourers,  attain  3 
heat-production  of  3,362,000  calories.  The  fourth  class, 
typified  by  miners  (who  are  engaged,  usually  by  the  pic« 
and  not  by  the  day.  in  severe  and  exhausting  toil),  produce 
as  much  as  4.790.000  calories.     In  the  fifth  and  last  class, 
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represented  by  lumberers  and  other  out-of-door  labourers 
(who,  in  addition  to  excessive  exertion,  have  often  to  face 
intense  cold),  the  heat  -  production  rises  to  5,360,000 
calories. 

The  Seats  of  Heat-production. — We  have  already  recognised 
the  skeletal  muscles  as  important  seats  of  heat-production. 
A  frog's  muscle,  contracting  under  the  most  favourable  con- 
ditions, does  not  convert  at  most  more  than  one-fifth  of  the 
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tlG.    115,— DiAUKAvr   SHOWING  THK    H  KAT   fcUjrTVALt-NT  Ol'    VARIOUS   DrETARtES. 

A.  protcids  ;  B,  Tats ;  C,  carbo-bydrates  ;  D.  hcnt  ^quivahtau 

energy  it  expends  into  mechanical  work;  at  least  four-fifths 
of  the  energy  appears  as  heat.  If  we  assume  that  the 
muscles  of  the  human  body  do  not,  upon  the  whole,  work 
more  economically  than  the  frog's  muscles  at  their  maximum 
efficiency — an  assumption  in  favour  of  which  a  good  deal  of 
evidence  can  be  brought  forward,  and  which,  at  any  rate, 
does  not  seem  to  be  very  wide  of  the  truth — then  it  is  easy 
to  show  that  the  greater  part  of  the  heat-v^cAvicXXow  qV  ^^^fe 
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body  of  a  man  doing  ordinar}'  work  is  accounted  for  by  the 
contraction  of  involuntary  and  voluntarj*  muscles. 

If  the  work  of  the  heart  is  taken  as  30.000  kilogramme- 
metres  in  twenty-four  hours  (p.  106),  the  total  heat  produced 
by  this  organ  will  be  equivalent  (on  the  above  assumption)  at 
least  to  1 50,000  kilogramme-metres,  or  352 ,000  small  calories, 
since,  practically,  the  whole  work  is  expended  in  overcoming 
the  friction  of  the  vessels,  and  finally  appears  as  heat. 
Enough  energy  is  transformed  in  twenty-four  hours  in  the 
heart  of  the  colonel  of  a  regiment  of  1,000  men  to  lift  the 
whole  regiment  to  a  height  of  more  than  2  metres,  if  it 
could  be  all  changed  into  mechanical  work.  The  work  of  the 
inspiratory  muscles  may  be  reckoned  at  13,000  kilogramme- 
metres,  equal  to  30,500  small  calories,  and  the  heat  produced 
by  them  at  five  times  the  equivalent  of  this,  or  152,000  small 
calories.  In  sum,  the  muscular  work  of  the  circulation  and 
respiration  is  responsible  for  the  production  of  504,000  small 
calories  (without  including  the  heat  produced  by  the  smooth 
muscle  of  the  bronchi  and  bloodvessels),  or  nearly  one-fifth 
of  the  total  production  of  a  man  doing  ordinary  labour. 
During  eight  hours  of  sleep  a  man  produces  altogether  about 
320,000  small  calories.     Of  this  the  share  due  to  the  heart 

and  respiratory  muscles  may  be  taken  as  ^-^ —  =168.000; 

or,  since  the  work  of  the  circulation  and  respirator^'  system 
is  less  during  sleep,  say,  150,000  small  calories.  Taking 
into  account  the  production  of  heat  in  the  smooth  muscle 
of  the  alimentary  canal,  etc,  we  see  that  muscular  con- 
traction ma)-  be  the  source  of  the  greater  part  of  the  heat 
formed  during  sleep. 

Again,  it  follows  from  Hirn*s  mean  results  that  a  70  kilo 
man  doing  27,700  kilogramme-metres  of  work  in  an  hour 
gives  off  283,000  small  calories  of  heat.  Now,  27,700 
kilogramme-metres^ say,  65,000  small  calories  ;  and  on  the 
assumption  that  the  skeletal  muscles  produce  four  or  even 
three  times  as  much  heat  as  work,  the  contraction  of  these 
alone,  without  reckoning  the  heat  produced  by  the  heart, 
would  account  for  by  far  the  greatest  part  of  the  total  heat 
production.     But  even  in  musclescompletely  at  rest  a  certain 
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imount  of  metabolism  goes  on,  a  certain  amount  of  heat  is 
produced.  The  muscles  of  a  dog's  legs,  through  which  an 
utilicial  circulation  of  defibrlnated  blood  is  kept  up,  consume 
at  body  temperature  on  the  average  about  150  cc  of  oxygen 
per  kilo  per  hour.  This  is  about  one-fifth  the  rate  of  con- 
Eumption  per  kilo  of  a  normal  rabbit  in  a  bath  at  39'  C, 
reckoned  on  the  net  weight  of  the  animal  after  deduction 
of  the  contents  of  the  alimentary'  canal  (770  cc.  per  kilo  per 
hour).  Taking  the  muscles  as  45  per  cent,  of  the  body- 
weight,  and  assuming  (i)  that  oxygen  consumption  and  heat- 
production  are  under  the  given  conditions  approximately 
proportional,  and  (2)  that  the  oxygen  consumption  of 
isolated  muscles  of  dog  and   rabbit   is   not  very  different, 

wc  get  -^  X  —  ■   =  —  or,  say,  i  :  10,  as  the  ratio  of  the 
770      100     32  ' 

heat-production  of  muscles  absolutely  at  rest,  and  removed 

Knn  the  influence  of  the  nervous  system,  to  the  total  heat- 

production.     And  in   man   the  gaseous   metabolism  easily 

rises  to  5  times,  in  severe  work  to  9  limes,  its  resting  value; 

although  persons  inured  to  labour  work  more  economically 

rLa  amateurs. 
It  \&  probable  that  in  the  skeletal  muscles  of  curarized 
animals  the  heat-production  is  not  far  different  from  that  in 
iiolated  muscles  at  body  temperature,  and  subjected  to  a 
^ood  artificial  circulation.  Now.  curara  reduces  the  oxygen 
fbnsamption  of  a  rabbit  from  770  cc.  to  500  cc.  per  kilo 
per  hour;  270  cc.  per  kilo  of  body-weight,  or  600  cc  per 
itiloof  muscle,  may  therefore  be  taken  as  the  portion  of  the 
oxygen  consumption  of  skeletal  muscle  which  is  under  the 
CDotro!  of  the  nervous  system.  Adding  150  cc,  the  hourly 
wygcn  consumption  of  a  kilo  of  isolated  muscles,  we  get 
750  cc.  per  kilo  per  hour  as  the  total  consumption  of  skeletal 
muscles  connected  with  the  nervous  system,  though  not  in 
active  contraction.  Separation  from  the  nervous  system 
llicrefore  cuts  away  four-fifths  of  the  muscular  metabolism, 
and  leaves  one-fifth  intact. 

In  a  curarized  dog  or  rabbit  the  heat-production  and 
lespiratorj-  exchange  are  diminished  by  about  35  per  cent. 
The  remaining  65  per  cent,  may  perhaps  be  apportioned  as 
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follows :  heart  15,  skeletal  muscles  10,  smooth  muscle,  glands 
and  other  tissues  40.  So  that  the  heat-production  of  the 
heart  may  be  nearly  one-fourth  of  the  total  production  in  a 
curarized  animal,  that  of  the  skeletal  muscles  one-sixth. 

The  glands,  and  then  the  central  nervous  system,  rank 
after  the  muscles,  though  at  a  great  distance,  as  seats  of  heat- 
production.  The  liver  and  brain  (?)  are  the  hottest  organs 
in  the  body ;  and  that  this  is  not  altogether  due  to  their 
being  well  protected  against  loss  of  heat  is  shown,  in  the 
case  of  the  liver,  by  the  excess  of  temperature  of  the  blood 
of  the  hepatic  over  that  of  the  portal  vein.  In  view,  how- 
ever, of  the  exaggerated  importance  which  some  have  given 
to  these  organs,  as  foci  of  heat-production,  it  may  be 
well  to  point  out  that  although  many  of  the  chemical 
changes  in  the  animal  body  are  undoubtedly  associated  with 
the  setting  free  of  heat,  other,  and  not  less  weighty  and 
characteristic,  reactions  may  cause  the  absorption  of  heat ; 
and  it  is  possible  that  some  of  the  syntheses  which  the 
hepatic  and  other  glandular  tissues  seem  to  be  capable  of 
performing  may  be  included  in  this  latter  categor)'.  So  that 
the  heat-production  of  an  organ  may  depend,  not  only  on  the 
quantity,  but  also  on  the  quality,  of  its  chemical  activity. 
When  we  consider  the  enormous  tide  of  blood  which  during 
digestion  sets  through  the  portal  system,  we  shall  look  with 
suspicion  upon  results  that  announce  a  difference  of  more 
than  a  small  fraction  of  a  degree  in  the  temperature  of  the 
incoming  and  outgoing  blood  of  the  liver.  Probably  not  less 
than  200  litres  of  blood  pass  in  twenty-four  hours  through 
the  liver  of  a  2  kilo  rabbit.  If  the  temperature  of  this  blood 
is  raised  even  one-tenth  of  a  degree  in  its  passage  through 
the  hepatic  capillaries,  this  would  correspond  to  a  heat-pro- 
duction of  20,000  small  calories,  or  one-tenth  of  the  whole 
heat  produced  in  the  animal. 

In  the  case  of  the  brain  it  has  been  shown  by  comparison  of  the 
gases  of  hlood  taket»  from  the  carotid  and  from  the  venous  sinuses 
(torcula  Herophili)  that  the  metabolism  is  feeble  as  compared  even 
with  that  of  resting  muscles  (Hill).  The  rise  of  temperature  of 
certain  regions  of  the  scalp  observed  by  I^ombard  during  mental 
activity  cannot,  therefore,  be  supposed  due  to  conduction  of  heat 
from   the  brain  through  the  skull.     It  is  perhaps  caused  by  vaso* 
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motor  changes  in  the  scalp,  associated,  it  may  be,  with  corresponding 
danges  in  related  areas  of  the  cortex.  And,  indeed,  if  we  remember 
hy»  laige  a  proportion  of  the  central  nervous  system  is  made  up  of 
aerve-filjres,  in  which,  or  at  any  rate  in  the  fibres  of  peripheral  nerves, 
BO  senuble  production  of  heat  has  ever  been  demonstrated,  it  will 
not  appear  surprising  if  even  a  considerable  increase  in  the  meta- 
bolism of  the  really  active  elements  should  fail  to  make  itself  felt. 

With  regard  to  the  muscles,  we  are  as  yet  in  the  dark  as 
to  the  precise  relation  of  the  energy  which  appears  as  heat 
and  of  that  which  is  converted  into  work.  The  original 
source  of  both  is,  of  course,  the  o.xidation  of  the  food  sub- 
stances ;  but  we  do  not  kaow  whether  in  a  muscle,  as  in  a 
beat -engine,  the  chemical  energy  is  first  converted  into  heat, 
_aBd  part  of  the  heat  then  transformed  into  work,  or  whether 
chemical  energy  is  immediately  changed  into  work,  or 
ether  there  is  an  intermediate  form  of  energy  other  than 
eat.  Some  have  supposed  that  the  chemical  energy  is  first 
Dverted  into  electrical  energy,  and  that  the  latter  in  giving 
:  to  the  work  of  the  contracting  muscle  is  partly  wasted 
beat.  It  has  been  stated  that  under  certain  conditions 
DDScle,  instead  of  becoming  warmer,  may  become  colder 
ring  contraction.  If  this  were  established  it  would  be  in 
voor  of  the  view  that  heat  is  directly  transformed  into 
Huscular  work.  But  it  would  not  be  an  unequivocal  proof; 
the  cooling  might  be  due  merely  to  chemical  or  physical 
tions  between  the  products  formed  in  the  active  muscle 
Bd  other  muscular  constituents. 

It  has  been  very  generally  admitted  that  the  chief  seat  of 
^Kcessive  metabolism  in  fever  is  the  muscles  ;  but  U.  Mosso 
Has  stated  that  cocaine  fever — the  marked  rise  of  tempera- 
hire  produced  by  injection  of  cocaine — can  be  obtained  in 
soimais  paralyzed  by  curara.  This,  even  if  true,  would  not 
wpport  the  conclusion  that  a  '  nervous  fever ' — that  is  to 
»ay  a  fever  due  solely  to  increased  metabolism  in  the  nervous 
system — exists ;  for  in  a  curarized  animal  a  large  amount  of 
'active  *  tissue  (glands,  heart,  smooth  muscle)  still  remains 
'n  physiological  connection  with  the  brain  and  cord.  But, 
43  a  matter  of  fact,  in  an  animal  under  a  dose  of  curara 
infficient  to  completely  paralyze  the  skeletal  muscles  cocaine 
no  rise  of  rectal  temperature ;  and  this  is  strou^V^ 


in  favour  of  the  view  that  the  fever  produced  ia  the  noD* 
curamed  animal  is  connected  with  excessive  muscular 
metabolism. 

Thennotoxii. — What,  now,  is  the  mechanism  by  which  th! 
balance  is  maintained  in  the  homoiothermal  animal  between 
heat-production  and  heat-loss?  In  answering  this  question 
we  have  to  recognise  that  both  of  these  quantities  are 
variable,  that  a  fall  in  the  production  of  heat  may  be  com- 
pensated by  a  diminution  of  heat-loss,  and  an  increase  in 
the  loss  of  heat  balanced  by  a  greater  heat-production. 

The  loss  of  heat  from  the  surfaces  of  the  body  may  be 
regulated  both  by  involuntary  and  by  voluntary  means.  It 
is  greatly  affected  by  the  state  of  the  cutaneous  vessels,  and 
these  vessels  are  under  the  influence  of  nerves.  A  cold  skin 
is  pale^  and  its  vessels  are  contracted.  In  a  warm  atmo- 
sphere the  skin  is  flushed  with  blood,  its  vessels  are  dilated, 
its  temperature  is  increased ;  an  effort,  so  to  speak,  is  being 
made  by  the  organism  to  maintain  the  difference  of  tempera- 
ture between  its  surface  and  its  surroundings  on  which  the 
rate  of  heat-loss  by  radiation  and  conduction  depends.  A 
still  more  important  factor  in  man»  and  in  animals  like  tbe 
horse  which  sweat  over  their  whole  surface,  is  the  increase 
and  decrease  in  the  quantity  of  water  evaporated  and  of 
heat  rendered  latent.  It  is  owing  to  the  wonderful  elasticity 
of  the  sweat-secreting  mechanism,  and  to  the  increase  of 
respirator>'  activity  and  the  consequent  increase  in  the 
amount  of  water)'  vapour  given  off  by  the  lungs,  that  men 
are  able  to  endure  for  days  an  atmosphere  hotter  than  tbe 
blood,  and  even  for  a  short  time  a  temperature  above  that  of 
boiling  water.  The  temperature  of  a  Turkish  bath  may  be 
as  high  as  65*  to  80'  C.  But  a  far  lower  temperature  tbaa 
this,  if  long  continued,  is  dangerous  to  Ufe.  In  the 
summer  of  1892  hundreds  of  persons  died  in  the  United 
States  within  a  few  days  from  the  excessive  heat.  Duriog 
the  unusually  hot  summer  of  1819  the  temperature  at  Bagdad 
ranged  for  a  considerable  time  between  108'  and  120'  F- 
(42"  to  49°  C),  and  there  was  great  mortality.  A  roach 
higher  temperature  may  be  borne  in  dry  air  than  in  air 
saturated   with  watery  vapour.     A  shade   temperature  uf 


ANIMAL  HEAT, 


435 


L 


lOO*  F.  (37'7'  C.)  in  the  dry  air  of  the  South  African 
plateaux  is  quite  tolerable,  while  a  temperature  of  85^  F. 
(29*4*  C.)  in  the  moisture-laden  atmosphere  of  Bombay  may 
be  oppressive.  .  The  reason  is  that  in  dry  air  the  sweat 
evaporates  freely  and  cools  the  skin.  In  saturated  air  at 
the  body  temperature  no  loss  of  heat  by  perspiration  or  by 
evaporation  from  the  pulmonary  surface  is  possible ;  the 
temperature  of  an  animal  in  a  saturated  atmosphere  at 
35"  to  40"  C.  soon  rises,  and  the  animal  dies.  In  animals^ 
like  the  dog,  which  sweat  little  or  not  at  all  on  the  general 
surface,  the  regulation  of  the  heat-loss  by  respiration  is  re- 
latively more  important  than  in  man. 

The  winter  fur  of  arctic  animals  is  a  special  device  of 
Nature  to  meet  the  demands  of  a  rigorous  climate,  and 
combat  a  tendency  to  excessive  loss  of  heat.  The  experi- 
ments of  Hosslin  and  the  experience  of  squatters  in  Australia 
go  to  show  that  even  domesticated  animals  have  a  certain 
power  of  responding  to  long-continued  changes  in  external 
temperature  by  changes  in  the  radiating  surfaces  which 
affect  the  loss  of  heat.  It  is  said  that  in  the  hot  plains  of 
Queensland  and  New  South  Wales  the  fleeces  of  the  sheep 
show  a  tendency  to  a  progressive  decrease  in  weight.  And 
Hosslin  found  that  a  young  dog  exposed  for  eighty-eight  days 
to  a  temperature  of  5'  C.  developed  a  thick  coat  of  fine  woolly 
hairs.  Another  dog  of  the  same  Utter,  exposed  for  the  same 
length  of  time  to  a  temperature  of  31*5"  to  32'  C,  had  a 
much  scantier  covering.  The  increased  protection  against 
heat-loss  in  the  case  of  the  '  cooled  '  dog  was  not  sufficient 
fully  to  compensate  for  the  lowered  external  temperature. 
The  metabolism — that  is  to  say  the  heat-production — was 
also  increased.  And  although  the  food  was  exactly  the  same 
for  both  animals  in  quantity  and  quality,  the  dog  at  5"  C.  put 
on  less  than  half  as  much  fat  in  the  period  of  the  experi- 
ment as  the  '  heated  '  dog,  but  the  same  amount  of '  flesh.' 

TIlo  Tolunt&ry  factor  in  the  regulation  of  the  heat-lou  is 
of  great  importance  in  man.  Clothes,  like  hair  and  other 
natural  coverings,  retard  the  loss  of  heat  from  the  skin 
chiefiy  by  maintaining  a  zone  of  still  air  in  contact  with  it, 
for  air  at  rest  is  an  exceedingly  bad  conductor  oC  bfc-ax.     N. 
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man  clothed  in  the  ordinary  way  has  two  or  three  concentric 
air-jackets  around  him.  The  air  in  the  intervals  between 
the  inner  and  outer  garments  is  of  importance  as  well  as 
that  in  the  pores  of  the  clothes  themselves ;  and  it  is  for 
this  reason  that  two  thin  shirts  put  on  one  above  the  other 
are  warmer  than  the  same  amount  of  material  in  the  form 
of  a  single  shirt  of  double  thickness.  When  a  man  feels 
himself  too  hot,  and  throws  off  his  coat»  he  really  removes 
one  of  the  badly  conducting  layers  of  air,  and  increases 
the  rate  of  heat-loss  by  radiation  and  conduction.  At 
the  same  time  the  water-vapour,  which  practically  saturates 
the  layer  of  air  next  the  skin,  is  allowed  a  freer  access  to 
the  surface,  and  the  loss  of  heat  by  the  evaporation  of  the 
sweat  becomes  /::;reater.  The  power  of  voluntarily  influencing 
the  heat-loss  must  be  looked  upon  in  man  as  one  of  the  most 
important  means  by  which  the  equilibrium  of  temperature 
is  maintained.  In  the  lower  animals  this  power  also  exists, 
but  to  a  much  smaller  extent.  A  dog  on  a  hot  day  puts  out  its 
tongue  and  stretches  its  limbs  so  as  to  increase  the  surface 
from  which  heat  is  radiated  and  conducted.  The  mere 
placing  of  a  rabbit  on  its  back,  with  its  legs  apart,  may 
cause  in  an  hour  or  two  a  fall  of  i'  to  2*  C.  in  the  rectal 
temperature.  The  power  of  covering  themselves  with  straw 
or  leaves,  of  burrowing  and  of  forming  nests,  may  be  in- 
cluded among  the  voluntary  means  of  regulation  of  the  heat- 
loss  possessed  by  animals.  A  man  opens  the  window  when 
he  is  too  hot,  and  pokes  the  fire  when  he  feels  cold.  Both 
actions  are  a  tribute  to  his  status  as  a  homoiothermal  animal, 
and  illustrate  the  importance  of  the  voluntar}' element  in  the 
mechanism  by  which  his  temperature  is  controlled. 

The  production  of  heat,  like  the  loss,  is  to  a  certain 
extent  under  volujitary  control.  Rest,  and  especially  sleep, 
lessens  the  production;  work  increases  it.  The  inhabitants 
of  the  tropics,  human  and  brute,  often  tide  over  the  hottest 
part  of  the  day  by  a  siesta ;  and  it  is  as  natural,  and  as 
much  in  accordance  with  physiological  laws,  that  a  man 
overpowered  by  the  heat  should  lie  down,  as  it  is  that  he 
should  walk  about  and  stamp  his  feet  or  clap  his  hands  on 
a  cold  winter  morning.     In  the  one  case  a  diminution,  in 
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Other  an  increase,  in  the  heat-production  is  aimed  at  by  a 
corresponding  change  in  the  amount  of  muscular  contrac- 
tion. The  quantity  and  quality  of  the  food  also  influence  the 
production  of  heat.  The  Eskimo,  who  revels  on  train-oil 
and  tallow-candles,  unconsciously  illustrates  the  experimental 
fact  that  the  heat  of  combustion  of  fat  is  high ;  the  rice 
diet  of  the  ryot  of  the  Carnatic,  with  its  low  heat-equivalent, 
seems  peculiarly  adapted  to  the  dweller  in  tropical  lands. 
But  it  would  be  easy  to  attach  too  much  weight  to  con- 
siderations such  as  these.  The  .Arctic  hunter  eats  animal 
fat,  and  the  Indian  peasant  vegetable  carbo-hydrate,  not 
only  because  fat  has  a  high  and  carbo-hydrate  a  low  heat- 
equivalent,  but  because  in  the  climate  of  the  far  north 
animals  with  a  thick  coating  of  badly-conducting  fat  are 
plentiful,  and  vegetable  food  scarce;  whereas  in  the  river- 
valleys  of  India  nature  favours  the  growth  of  rice,  and 
religion  forbids  the  eating  of  the  sacred  cow. 

The  production  of  heat  is  also  controlled  by  an  involuntary 
nervous  mechaniBm,  upon  which  much  light  has  been  thrown 
by  the  researches  of  the  last  twenty  years,  and  especially 
by  those  of  PflUger  and  his  school  (p.  189).  It  is  a  matter 
of  every-day  experience  that  cold  causes  involuntary  shiver- 
ing— involuntary  muscular  contractions — the  object  of  which 
seems  a  direct  increase  in  the  heat-production.  But  besides 
this  visible  mechanical  effect,  the  application  of  cold  to  a 
warm-blooded  animal,  when  not  carried  so  far  as  to  greatly 
reduce  the  rectal  temperature,  is  accompanied  by  a  marked 
increase  in  the  metabolism,  as  shown  by  an  increased  pro- 
duction of  carbonic  acid  and  consumption  of  oxygen.  In 
cold-blooded  animals  like  the  frog  the  metabolism,  on  the 
other  hand,  rises  and  falls  with  the  external  temperature ; 
there  is  no  automatic  mechanism  which  answers  an  in- 
creased drain  upon  the  stock  of  heat  in  the  body  by  an 
increased  supply.  Or,  perhaps,  in  the  light  of  recent 
experiments,  we  ought  rather  to  say  that,  although  the 
rudiments  of  a  heat-regulating  mechanism  may  exist,  it  is 
only  able  to  modify  to  a  certain  extent  the  effects  of  changes 
of  external  temperature,  not  to  balance  or  even  override 
them,  as  in  the  homoiothermal  animal.    IVe  v)^ttcv-\^cio\^^ 
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animal  loses  its  heat-regulating  power  when  a  dose  of  cnraxa 
sufficient  to  paralyze  the  voluntary  muscles  is  given.  A 
curarized  rabbit,  kept  alive  by  artificial  respiration,  reacts 
to  changes  of  external  temperature  like  the  cold-blooded 
frog.  NoWf  the  only  action  of  curara  adequate  to  accoaoi 
for  this  effect  is  its  power  of  paralyiing  the  motor  nen-e- 
endings,  and  so  cutting  off  from  the  skeletal  muscles  impulses 
which  in  the  intact  animal  would  have  reached  them.  The 
excitation  by  cold,  of  the  cutaneous  nerves,  or  some  of  them, 
which  io  the  unpoisoned  animal  is  reflected  along  the  motor 
nerves  to  the  muscles,  and  causes  the  increase  of  meta- 
bolism, is  now  blocked  at  the  end  of  the  motor  path :  and 
the  muscles,  the  great  heat-producing  tissues,  are  aban- 
doned to  the  direct  influence  of  the  external  temperature. 

How   is   it,  then,  that    nervous  impulses  from  the  skia 
produce  in  the  intact  animal  their  effect  upon  the  chemical 
processes  in  the  muscles  ?     We  know  that  the  heat-prodnc- 
tion  of  a  muscle  is  greatly  increased  when  it  is  caused  to 
contract ;  but  it  has  not  hitherto  been  possible  by  artificial 
stimulation  to  demonstrate  that  any  chemical  or  physical 
effect  is  produced  in  a  muscle  by  excitation  of  its  moio* 
nerve  unless  as  the  accompaniment  of  a  mechanical  change- 
When  the  gastrocnemius  of  a  frog  poisoned  with  not  too 
large  a  dose  of  curara  is  laid  on  a  resistance  thermoniet^ 
(p.  420),  and  its  nerve  stimulated  from  time  to  time  as  tbe 
curara  paralysis  deepens,  heating  of  the  muscle  is  observed  a9 
long  as,  and  only  as  long  as,  there  is  any  visible  contractioD* 
The  gaseous  metabolism  of  a  rabbit  immersed  in  a  bath  of 
constant  temperature  may  sink  by  as  much  as  30  to  40  per 
cent,  when  curara  is  given.     One  obvious  cause  of  this  is  the 
complete  muscular  relaxation.     And  the  whole  secret  of  the 
regulation  of  the  heat-production  might  be  plausibly  sup- 
posed to  lie  in  the  bracing  effect  of  cold  upon  the  skeletal 
muscles  and  the  relaxing  effect  of  heat.     And,  indeed,  id 
man  it  has  been  observed  that  cold  causes  no  metabolic 
increase  when  shivering  is  prevented  bj^a  strong  effort  of  the 
will  (LoewjO-      Nevertheless,  the  explanation  is  inadequate 
in  the  case  of  small  animals,  such  as  guinea-pigs,  rabbits, 
and  cats ;  for  very  great  changes  in  the  metabolism  may  be 


brought  about  by  external  cold  without  any  outward  token 
of  increased  muscular  activity. 

It  must  be  admitted,  then,  that — at  least  in  the  smaller 
homoiothermal  animals — the  metabolic  changes  normally 
going  on  in  the  resting  muscles  may  be  reflexly  increased 
without  the  usual  accompaniment  of  mechanical  contrac- 
tion, and  that  such  an  increase  of  'chemical  tone*  may  be 
an  important  means  by  which  the  temperature  is  regulated. 
It  is  possible  that  other  organs  besides  the  muscles  may  be 
concerned,  though  not  to  a  sufficient  extent  to  secure  the 
due  regulation  of  temperature  during  curara  paralysis.  It  is 
obvious  that  in  man,  whose  environment  is  so  much  under 
his  own  control,  a  mere  automatic  regulation  is  less  required 
than  in  the  inferior  animals,  and  that  a  regulative  power,  if 
present  in  rudiment,  would  tend  to  'atrophy'  by  disuse.  In 
the  larger  animals,  again,  mere  bulk  is  an  important  safe- 
guard against  any  sudden  change  of  internal  temperature. 
To  reduce  the  temperature  of  a  horse  or  an  elephant  by 
i",  a  considerable  quantity  of  heat  must  be  lost,  while  a  very 
slight  loss  would  suffice  to  cool  a  mouse  by  that  amount. 
Not  only  so,  but  the  surface  by  which  heat  is  lost  is  greater 
in  proportion  to  the  mass  of  the  body  in  small  than  in 
large  animals.  The  power  of  rapidly  increasing  the  heat- 
production  to  meet  a  sudden  demand  is,  therefore,  far  more 
important  to  the  mouse  than  to  the  horse;  and  the  fact, 
(p.  411),  that  the  metabolism  of  an  animal  varies  approxi- 
mately as  its  surface,  and  not  as  its  mass,  is  an  illustration  of 
the  nice  adjustment  by  which  heat-equilibrium  is  maintained. 

The  following  table,  calculated  by  Rubner  from  the 
quantity  of  proteid  and  fat  consumed,  shows  the  relative 
intensity  of  heat-productton  in  dogs  of  different  sizes: 
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Rubner  has  found  that  animals  abundantly  fed  do  not 
show  so  much  change  in  the  production  of  heat  when  the 
external  temperature  is  varied  as  starving  animals.  In  well- 
fed  animals  it  is  the  heat-!oss  which  is  chiefly  affected,  and 
it  may  be  that  this  has  something  to  do  with  the  explatta- 
tion  of  Loewy's  results  on  man. 

Lorrain  Smith  has  discovered  the  curious  and  interesting 
fact  that  after  removal  of  the  th)Toid  glands  (in  cats),  the 
heat-production,  as  measured  by  the  amount  of  carbonic 
acid  given  off,  is  more  sensitive  to  changes  of  external 
temperature  than  in  the  normal  animal. 

But  it  must  not  be  imagined  that  the  production  of  heal 
can  be  increased  indefmitely  to  meet  an  increased  heat-loss. 
The  organism  can  make  considerable  efforts  to  protect  itselt 
but  the  loss  of  heat  may  easily  become  so  great  that  the 
increase  of  metabolism   fails   to  keep  pace  with  it.    The 
internal   temperature   then   falls,   and.   if   the   fall    be  not 
checked,  the  animal  dies.     A  mammal,  when  cooled  arti- 
ficially to   the  temperature   of  an   ordinary   room  [ij*  to 
20*  C),  does  not  recover  of  itself,  but  may  be  revived  by  the 
employment  of  artificial  respiration  and  hot  baths,  even  when 
the  rectal  temperature  has  sunk  to  5*  - 10'  C.     If  the  skin 
of  a  rabbit  be  varnished,  and  the  air  which  it  is  the  function 
of  the  fur  to  maintain  at  rest  around  it  be  thus  expelled, 
the  animal  dies  of  cold,  unless  the  loss  of  heat  is  artificiaOy 
prevented.     If,  without  varnishing  at  all,  the  greater  portion 
of  the  skin  of  a  rabbit  or  guinea-pig  be  closely  clipped  or 
shaved,  similar  phenomena  are  observed.     Prevented  from 
covering  itself  with  straw,  the  animal  dies,  sometimes  in 
twenty  -  four    hours.      The    radiation    from    the    skin,   as 
measured  by  the  resistance-radiometer  (p.  423),  is  greatly 
increased ;    the  animal   shivers  constantly,  and  the  rectal 
temperature  falls.     Placed  in  a  warm  chamber  before  the 
temperature  in  the  rectum  has  fallen  below  25',  the  animal 
recovers  perfectly.     If  the  fall  is  allowed  to  go  on,  it  dies. 
If  it  is  kept  from  the  first  in  the  warm  chamber,  no  fall  of 
temperature  occurs.     When  the  increased  loss  of  heat  is  less 
perfectly  compensated — when,  for  example,  the  animal  is  Uft 
at  the  ordinary  temperature,  but   supplied   with  sufficient 
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Straw  to  cover  itsetf,  or  allowed  to  crouch  among  other 
animals — a  curious  phenomenon  may  sometimes  be  seen. 
The  rectal  temperature,  which  has  fallen  sharply  during  the 
operation,  remains  subtiormal  (as  much  as  2"  to  3"  below  the 
ordinary  temperature)  for  a  time  (a  week  or  more),  and 
then  gradually  rises  as  the  coat  again  begins  to  grow.  The 
meaning  of  this  seems  to  be  that  the  power  of  regulating 
the  temperature  by  increasing  the  metabolism  is  overtasked 
by  the  removal  of  the  natural  protective  covering,  unless 
the  escape  of  heat  is  artificially  diminished.  When  the  loss 
of  the  fur  is  entirely  compensated,  no  fall  of  temperature 
occurs ;  when  it  is  not  compensated  at  all,  the  animal  cools 
till  it  dies;  when  it  is  partially  compensated,  the  increased 
metabolism  may  only  suffice  to  maintain  a  temperature 
lower  than  the  normal,  although  constant  muscular  con- 
tractions (shivering)  are  brought  in  to  supplement  the  efforts 
of  the  regulative  chemical  processes. 

Hitherto  we  have  only  spoken  of  a  reflex  regulation  of 
the  heat-production  called  into  play  by  external  cold.  It 
might  be  supposed — and,  indeed,  has  often  been  assumed^ 
that  heat  would  lessen  the  metabolism,  as  cold  increases  it ; 
and  there  are  indications  that  in  the  smaller  animals  this  is 
the  case,  although  the  influence  of  heat  seems  to  be  much 
smaller  than  the  influence  of  cold.  But  neither  experi- 
mental results  nor  general  reasoning  have  as  yet  shown 
that  in  man  the  chemical  tone  is  diminished  by  a  rise 
of  external  temperature  much  above  the  mean  of  an 
ordinary  English  summer,  apart  from  the  effect  of  the 
muscular  rela.xation  which  heat  induces.  In  a  man,  indeed, 
at  rest  in  a  hot  atmosphere,  the  production  of  carbonic 
acid  and  consumption  of  oxygen  are,  if  anything,  greater 
than  at  the  ordinary  temperature  (Loewy).  The  regulation 
of  temperature  in  an  environment  warmer  than  the  normal 
seems,  in  fact,  to  be  brought  about  more  by  an  increase 
in  the  loss  than  a  decrease  in  the  production.  Evapora- 
tion from  the  skin  and  lungs  is  an  automatic  check  upon 
overheating  as  important  as  the  involuntary  increase  of 
metabohsm  upon  excessive  cooling. 
While  it  is  known  that  the  skeletal  muscVes,  aiv^  ^\\w:^% 
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the  glands  and  other  tissues,  are  at  one  end  of  the  reflex  aic 
by  which  the  impulses  pass  that  regulate  the  temperature 
through  the  metabolism,  we  are  as  yet  ignorant  of  the 
precise  paths  by  which  the  afferent  impulses  travel,  of  tbft 
nerve-centres  to  which  they  go,  and  even  of  the  end-organs  io 
which  they  arise.  There  are  nerves  in  the  skin  which  minister 
to  the  sensation  of  temperature  (Chap.  XIII.)*  A  change 
of  temperature  is  their  *  adequate*  and  sufficient  stimuli 
and  it  is  a  tempting  hypothesis,  though  nothing  more,  ih 
these  are  the  afferent  nerves  concerned  in  the  reflex  regular 
tion  of  temperature — that  impulses  carried  up  by  them  to 
some  centre  or  centres  in  the  brain  or  cord  are  reflected 
down  the  motor  nerves  to  control  the  metabolism  of  the 
skeletal  muscles,  and  down  the  vaso-motor  nerves  to  cent 
the  loss  of  heat  from  the  skin. 

Heat  Centres. — It  is  known  that  certain  injuries  of  the 
central  nervous  system  are  related  to  disturbance  of  the 
heat-regulating  mechanism.  Puncture  of  the  median  portioa 
of  the  corpus  striatum  in  the  rabbit  by  a  needle  thmst 
through  a  trephine  hole  in  the  skull  is  followed  by  a  rise 
of  rectal  temperature  (T  to  2'),  heat-production  and  respire* 
tory  exchange,  which  may  last  for  several  days  (Ott,  Richet, 
Aronsohn  and  Sachs).  This  is  due  to  stimulation  of  the 
portions  of  the  brain  in  the  immediate  neighbourhood  of 
the  injury,  and  electrical  stimulation  of  this  region  bis 
a  similar  effect.  When  the  temperature  has  returned  to 
normal,  a  fresh  puncture  may  again  cause  a  rise.  Injury 
to  various  portions  of  the  cortex  cerebri  in  the  dog  and 
other  animals,  and  lesions  of  the  pons,  medulla  oblongata 
and  cord  in  man  may  also  be  followed  by  increase  of 
temperature.  When  the  spinal  cord  is  cut  below  the  lertl 
of  the  vaso-motor  centre  the  increased  loss  of  heat  from  th« 
skin  due  to  dilatation  of  the  cutaneous  vessels  masks  aoy 
increase  of  the  heat-production  which  may  possibly  ha« 
taken  place,  and  the  internal  temperature  falls ;  but  if  tbe 
loss  of  heat  is  diminished  by  wrapping  the  animal  in  cottoo* 
wool  the  temperature  may  rise.  From  such  phenomena  it 
has  been  surmised  that  certain  *  centres '  in  the  brain  have 
to  do  with  the  regulation  of  temperature  by  controlling  tht 
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metabolism  of  the  tissues ;  that  they  cause  increased  meta- 
bolism when  the  internal  temperature  threatens  to  sink, 
diminished  metabolism  when  it  tends  to  rise.  The  cutting 
off,  it  is  said,  of  the  influence  of  the  'heat  centres'  by 
section  of  the  paths  leading  from  them,  allows  the  meta- 
bolism of  the  tissues  to  run  riot,  and  the  temperature  to  in- 
crease. 

Fever  is  a  pathological  process  generally  caused  by  the 
poisonous  products  of  bacteria,  and  characterized  by  a  rise 
of  temperature  above  the  limit  of  the  daily  variation  (p.  452). 
It  is  further  associated  with  an  increase  in  the  rate  of  the 
heart  and  the  respiratory  movements,  often  with  an  increase 
in  excretion  of  urea  and  ammonia  in  the  urine,  and  a  diminu- 
tion in  the  alkalies  and  CO2  of  the  blood.  It  has  been  sug- 
gested that  the  proximate  cause  of  fever  is  the  action  of 
bacterial  poisons  or  of  other  substances  on  the  '  heat  centres,* 
and  that  antipyretics,  or  drugs  which  reduce  the  temperature 
in  fever,  do  so  by  restoring  the  centres  to  their  normal 
state,  by  preventing  the  development  of  the  poisons,  aiding 
their  elimination,  or  antagonizing  their  action.  In  favour  of 
this  view  it  has  been  stated  that  when  the  basal  ganglia  have 
been  cut  off,  by  section  of  the  pons,  from  their  lower 
nervous  connections,  fever  is  no  longer  produced  by  injection 
of  cultures  of  bacteria  which  readily  cause  it  in  an  intact 
animal,  while  antipyrin  has  no  influence  upon  the  tempera- 
ture (Sawadowski),  But  some  observers  have  been  unable  to 
find  any  clear  evidence  of  the  existence  of  '  heat  centres  ' — 
that  is,  of  localized  portions  of  the  central  nervous  system 
specially  concerned  in  the  regulation  of  the  body  tempera- 
ture. And  while  it  is  almost  certain  that  some  pyrogenic 
or  fever-producing  agents — cocaine,  t.g. —  act  indirectly, 
through  the  brain  or  cord,  it  is  quite  possible  that  others 
affect  directly  the  activity  of  the  tissues  in  general,  just  as 
some  antipyretics  or  fever-reducing  agents,  such  as  quinine, 
seem  to  act  immediately  upon  the  beat-forming  tissues, 
while  others,  like  antipyrin,  affect  them  through  the  nervous 
system. 

Fever  is  a  condition  so  interesting  from  a  physiological 
point  of  view,  and  of  such  importance  in  ^i^cuc'aX  'rc;t^\c\^^> 
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that  it  will  be  well  to  consider  a  little  more  closely 
possible  ways  in  which  a  rise  of  temperature  aiay  occur. 
It  must  not  be  forgotten  that  the  febrile  increase  of  tempera- 
ture is  always  accompanied  by  other  departures  from  the 
normal,  and  that  all  the  fundamental  febrile  changes  may 
even,  in  certain  cases,  be  present  without  elevation,  and  eveo 
with  diminution  of  temperature.     But  here  we  have  only  to 

do  with  the  disturbance 
of  the   normal  equili- 
brium between  the  loss 
and  the  production  of 
heat ;  and  it  is  evident 
that   any   of    the  fire 
conditions     illustrated 
in    the    diagram   may 
give  rise  to  an  increase 
of  temperature.    It  is 
not   necessarj'  to  dis- 
cuss whether  cases  of 
fever  can   actually  I* 
found  to  illustrateevery 
one  of  these  possibili- 
ties.     It   is    probable 
that   not    infrequently 
diminished    loss   uid 
increased     production 
may  be  both  involved ; 
and    it    ought   to  be 
remembered   that  the 
healthy    standard    with   which    the    heat-production   of  a 
fever  patient  should  be   compared  is  not  that  of  a  man 
doing  hard  work  on  a  full  diet,  but  that  of  a  healthy  persfMH 
in  bed  and  on  the  meagre  fare  of  the  sick-room.    Wh^^ 
this  is  kept  in  view,  the  comparatively  low  heat -production* 
and  respiratory  exchange  which  have  sometimes  been  foO«i** 
in  fever  cease  to  excite  surprise.     But,  in  any  case,  no  ro®^^ 
change  in  the  relative  proportions  of  heat  formed  and  1*^ 
is    sufficient   to   explain    the   febrile   rise    of    temperatu-*^ 
That  an  increase  in  heat-production  is  not  of  itself  enotf  ^ 


rtmnfraiur* 

1 

Fig.  1(6— Diagram  to  show  the  kksible 
Rblatjons  bbtwekn  Hkat  Production 
AND  Heat  Loss  im  Fkver. 
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to  produce  fever  is  proved  by  the  fact  that  severe  muscular 
work,  which  increases  the  metabolism  more  than  high  fever, 
only  causes  a  slight  and  transient  rise  of  temperature  in  a 
healthy  man.  The  essence  of  the  change  is  a  derangement 
of  the  mechanism  by  which  in  the  healthy  body  excess  or 
defect  of  average  metabolism,  or  of  average  heat-loss,  is  at 
once  compensated  and  the  equilibrium  of  temperature  main- 
tained. 

This  derangement  only  lasts  as  long  as  the  temperature  is 
rising.  When  it  becomes  stationary  at  its  maximum  we 
have  again  adjustment,  again  equality  of  production  and 
escape  of  heat ;  but  the  adjustment  is  now  pitched  for  a 
higher  scale  of  temperature.  A  rough  analog>',  so  far  as 
one  part  of  the  process  is  concerned,  may  be  found  in  the 
behaviour  of  the  ordinary  gas-regulator  of  a  water-bath.  It 
can  be  *  set '  for  any  temperature.  That  temperature,  once 
reached,  remains  constant  within  narrow  limits  of  oscillation ; 
but  the  regulator  can  be  equally  well  adjusted  for  a  higher  or 
a  lower  temperature. 

Rosenthal  has  concluded  from  calorimetric  observations 
that,  in  the  first  stage  of  fever,  while  the  temperature  is 
rising,  there  is  always  increased  retention  of  heat.  At  the 
height  of  the  fever  there  is  often,  though  apparently  not 
always,  an  increase  in  the  heat-production.  After  the  crisis, 
while  the  fever  is  subsiding,  the  rate  at  which  heat  is  being 
lost  rises  sharply.  As  to  the  explanation  of  the  increase  of 
metabolism  in  fever,  various  views  have  been  held.  Some 
have  gone  so  far  as  to  say  that  the  increase  is  merely  the  con- 
sequence, not  the  cause,  of  the  rise  of  temperature.  But  the 
rebutting  evidence  which  has  been  brought  against  this  view 
is  strong  and,  indeed,  overwhelming.  The  increase  of  urea, 
for  example,  is  often  much  greater  in  fever  than  any  increase 
which  can  be  brought  about  by  artificially  raising  the  tempera- 
ture of  a  healthy  individual  by  means  of  hot  baths.  Further, 
this  excessive  excretion  of  urea  does  not  run  parallel  with  the 
rise  of  temperature  in  fever,  but  is  generally  most  marked 
after  the  crisis.  During  the  stage  of  defervescence  an 
enormous  amount  of  urea  is  sometimes  given  off.  In  a  case 
of  typhus,  in  the  mixed  urine  of  the  third  and  fo>MXJcv  ^i-a.^^ 
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after  the  crisis,  no  less  than  160  grammes  urea  was  found 
(Naunyn),  or  nearly  three  times  the  normal  amount  for  a 
man  on  full  diet.    Again,  when  fever  is  caused  by  the  in- 
jection  of  bacteria  or  their  products,  the  increase  io  the 
CO3  eliminated  and  oxygen  consumed  occurs  even  when  the 
temperature  is  prevented  from  rising  by  cold   baths.     It 
seems  [>erfectly  clear,  then,  that  the  increase  of  metabolism 
is,  in  many  cases  at  leastj  a  primary  phenomenon  of  fever, 
and  it  remains  to  ask  whether  the  rise  of  temperature  ift 
anything   more   than   a   superficial,  and,  so   to   speaJc,  an 
accidental,  circumstance.      The   orthodox   view   for  many 
ages  has  undoubtedly  been  that  the  increase  of  temperature 
is  in  itself  a  serious  part  of  the   pathological  process,  a 
symptom   to   be   fought   with,   and,   if  possible,   removed 
And  indeed  it  is  not  denied  by  anyone  that  the  excessive 
rise  of  temperature  seen  in  some  cases  of  febrile  disease  {to 
108°  and,  it  is  said,  even  to  iii*  in  influenza,  6^.),  is,  apart 
from  all  other  changes,  a  most  imminent  danger  to  life.   But 
some  evidence  has  of  late  been   brought  forward,  mostly 
from  the   Beld  of  bacteriolog)%  to   support   the   idea  that 
the  rise  of  temperature   is  of  the  nature  of   a   protective 
mechanism^  that  fever  is,  indeed,  a  consuming  fire,  bat  a 
fire  that  wastes  the  body,  to  destroy  the   bacteria.    The 
streptococcus  of  erysipelas,  for  example,  does  not  develop  at 
39'  to  40*  C,  and  is  killed  at  3g"5*  to  41*  C.    Anthnu 
bacilli,  kept  at  42'  to  43'  C.  for  some  time,  are  *  attenu- 
ated,* and  when  injected  into  animals  confer  immunity  to 
the  disease.     Heated  for  several   days  to  41'  to  42'  C, 
pneumococci  render  rabbits  immune  to  pneumonia.    These 
bacteriological  results  are  supf>orted  to  a  certain  extent  by 
clinical  experience.    For  it  has  been  observed  that  a  cholera 
patient  with  distinct  fever  has  a  better  chance  of  recoverf 
than  a  case  which  shows  no  fever.     But  too  much  weijj^ 
ought  not  to  be  given  to  isolated  facts  of  this  sort,  a-"*^ 
adverse  evidence  can  be  produced  both  from  the  laborat^^ 
and  the  hospital.   For  although  hens  are  immune  to  ant 
under  ordinary  conditions,  but  can  be  infected  by  inoci 
tion  when  artificially  cooled,  frogs,  equally  immune  at  t 
temperature  of  the  air,  become  susceptible  when  artifici 
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Ued.     And  it  is  impossible  to  deny  that  the  use  of  cold 

n  typhoid  fever  is  sometimes  of  remarkable  benefit. 
Diltribation  of  Heat. — The  great  foci  of  heat-formation — 
the  muscles  and   glands — would,  if  heat   were  not  con- 
stantly leaving  them,  in  a  short  time  become  much  warmer 
than  the  rest  of  the  body ;  while  structures  like  the  bones, 
skin,  and  adipose   tissue,  in  which  chemical   change  and 
heal -production  are  slow,   would    soon    cool    down  to  a 
tHnperature   not    much   exceeding  that   of  the   air.     The 
circulation  of  the  blood  ensures  that  heat  produced  in  any 
organ  is  carried  away  and   speedily  distributed  over  the 
whole  body;  while  direct  conduction  also  plays  a  consider- 
able part  m  maintaining  an  approximately  uniform  tempera- 
The  uniformity,  however,  is  only  approximate.     The 
[temperature  of  the  Hver  is  several  degrees  higher  than  that 
I  of  the  skin,  and  the  temperature  of  the  brain  several  degrees 
higiber  than  that  of  the  cornea.     The  blood  of  the  super- 
ficial veins  is  colder  than  that  of  the  corresponding  arteries. 
The  crural  vein,  for  example,  carries  colder  blood  than  the 
^  cnral  artery,  and  the  external  jugular  than  the  carotid. 
The  heat  produced  in  the  deeper  parts  of  the  regions  which 
they  drain  is  more  than  counterbalanced  by  the  heat  lost 
is  the  more  superficial  parts.     When  loss  of  heat  from  the 
Mr&ce  b  sufficiently  diminished  by  an  artificial  covering, 
^  prevented  by  the  protected  situation  of  any  organ  with 
*a  active  metabolism,  the  venous  blood  leaving  it  is  warmer 
flun  the  arterial  blood  coming  to  it.     The  temperature  of 
^e  blood  passing  from  the  levator  labii  superioris  muscle 
(^the  horse  during  mastication  may  be  sensibly  higher  than 
tiiat  of  the  blood  which  feeds  it;   the  blood  in  the  vena 
profunda  femoris,  and  in  the  crural  vein  of  a  dog  with  the 
'^  wrapped  in  cotton-wool,  is  warmer  by  *i°  to  *3'  than  the 
olood  of  the  crural  artery.     This  difference  of  temperature 
's  due  to  the  heat  produced  in  the  muscles,  and  it  is  not 
dificult  to  show  that  the  difference  ought  to  be  of  this  order 
^f  magnitude.     The  quantity  of  blood  in  a  7  kilo  dog  is 
^^ut  i  kilo;  \  of  this,  or  ^  kilo,  is  in  the  skeletal  muscles, 
*Qd  the  average   circulation  time   through   them   may  be 
^3^  as  £o\     Six  times  in  the  minute,  or  360  times  in  the 
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hour,  \  kilo  of  blood  passes  through  the  muscles, 
heated  on  the  average  by  'z\     If  we  take  the  specific  heal  of 
blood  as  about  equal  to  that  of  water,  this  represents  a 
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per  hour.     Now,  the  total  heat-production  of  a  7  kilo  dog 
is  about  19,000  small  calories  per  hour,  of  which  somewhat 
less  than  one-half  is  probably  formed  in  the  skeletal  muscles. 
The  blood  of  the  inferior  vena  cava  at  the  level  of  the 
kidneys  may  be  'i'  colder  than  that  of  the  abdominal  aorta, 
but  is  warmer  than  the  blood  of  the  superior  cava.    The 
right   heart,   therefore,  receives   two   streams  of  blood  at 
different   temperatures,    which   mingle   in    its   cavities, 
controversy  was   long  carried  on  as   to  the  relative  t 
perature  of  the  blood  of  the  two  sides  of  the  heart ;  but  the 
researches  of  Heidenhain  and  Korner  have  shown  that  a 
thermometer  passed   into   the  right  ventricle  through  tb( 
jugular  vein  stands,  as  a  rule,  slightly  higher  than  a  ther* 
mometer    introduced    through    the   carotid    into    the   left 
ventricle.     They  consider  that   the   method   gives  not  so 
much  the  temperature  of  the  blood  in  the  two  cavities  as 
that  of  their  walls.     The  thin-walled  right  ventricle,  accord- 
ing to  them,  is  heated  by  conduction  from  the  warm  liver, 
from  which  it  is  only  separated  by  the  diaphragm,  while 
the  left  ventricle  loses  heat  to  the  cooler  lungs.    They  deny 
that   the   difference   of  temperature   is   caused   by  cooling 
of  the  blood  in  its  passage  through  the  pulmonaiy  capillaries. 
Under  ordinary  circumstances,  they  say,  the  inspired  air  is 
already  heated  almost  to  body  temperature  before  it  reaches 
the  alveoli;  but,  while  this  is  the  case,  it  is  possible  that 
much  of  the  water-vapour  required  to  saturate  it  is  evapo- 
rated from  the  alveolar  walls.     Even  when  respiration  is 
suspended,  they  find  a  difference  of  temperature  between 
the  two  sides  of  the  heart.     A  slight  difference,  however, 
might  be  caused  in  the  blood  of  the  two  ventricles,  eveo 
in  the  absence  of  respiration,  by  the  heat  developed  in  the 
cardiac  muscle  itself  during  contraction.     A  large  pri^poi 
tion  of  this  heat  must  be  conveyed  by  the  blood  of 
coronary  veins  into  the  right  side  of  the  heart.   But  ibe  wh' 
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of  it  would  only  suffice  to  raise  the  temperature  of  the  blood 
in  the  right  ventricle  by  ^V"  to  iV :  while  a  fall  of  ,V"  in  the 
temperature  of  the  blood  passing  through  the  lungs  would 
account  for  all  the  heat  lost  by  the  expired  air,  and  if  half  of 
the  loss  took  place  in  the  upper  air-passages,  5V  would  be 
sufficient. 

The  surface  temperature  varies  between  rather  wide  limits 
with  the  temperature  of  the  environment.  The  temperature 
of  cavities  like  the  rectum,  vagina,  and  mouth  approximates 
to  that  of  the  blood  in  the  great  vessels  or  the  heart,  and 
undergoes  only  slight  changes.  An  increase  in  the  velocity 
of  the  blood  causes  the  internal  and  surface  temperatures 
to  come  nearer  to  each  other,  the  former  falling  and  the 
latter  rising.  When  the  loss  of  heat  from  a  portion  of 
the  surface  is  prevented,  the  temperature  of  this  portion 
approaches  the  internal  temperature.  For  this  reason  a 
thermometer  placed  in  the  axilla  approximately  measures 
the  internal  temperature,  and  not  that  of  the  skin;  and 
a  thermometer  in  the  groin  of  a  rabbit,  and  completely 
covered  by  the  flexed  thigh,  may  stand  as  high  as,  or,  it  is 
said,  even  higher  than,  a  thermometer  in  the  rectum  (Hale 
White). 

The  surface  temperature  is  a  rough  index  of  the  rate 
of  heat-loss ;  the  internal  temperature,  of  the  rate  of  heat- 
production.  A  normal  skin  temperature  and  a  rising  rectal 
temperature  would  probably  indicate  increased  production 
of  heat;  an  increased  rectal  temperature,  in  conjunction 
with  a  diminished  surface  temperature,  as  in  the  cold  stage 
of  ague,  might  be  due  either  to  diminished  heat-loss  while 
the  heat -production  remained  normal,  or  to  diminished 
heat-loss /)/«s  increased  heat-production. 

The  following  tables  illustrate  the  differences  of  tempera- 
ture found  in  the  body.  It  should  be  remembered  that  the 
numbers  are  not  strictly  comparable  with  each  other;  there 
is  no  constant  ratio  between  the  temperature  of  the  blood 
in  two  vessels  or  of  the  skin  at  two  points.  Even  in  the 
same  vessel  the  temperature  may  vary  with  many  circum- 
stances, such  as  the  velocity  of  the  stream,  and  the  state 
of  activity  of  the  organ  from  which  it  comes.     A-ijaxV  ^x^^wv 
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physiological  variations,  experimental  fallacies  sometimes 
cause  a  want  of  constancy,  especially  in  measurements  of 
blood  temperature.  The  insertion  of  a  mercuriaJ  ther- 
mometer into  a  vessel  is  very  likely  to  obstruct  the  passage 
of  the  blood ;  and  if  the  blood  lingers  in  a  warm  organ,  it 
will  be  heated  beyond  the  normal. 


B/&o4,    {Dog.) 


Right  heart 

Left       „ 

Aorta 

Superior  vena  cava 

Inferior        „ 

Crural  vein 

Crural  artery 

Prollinda  femoris  vein 

Ponal  vein 

Hepatic  vein 


-  38  8' C. 

-  38-6 

-  387 

-  368 

-  J8i 

-  37* 

-  38- 

-  382 
38-39      )  Varies  with  activity 

384-397  )  of  digestive  organs. 


teg  of  dog  iightiy  %vraj>p<d  in  wool. 
Crural  artery  -        -        -     3495 

n      vein     -  ...    34-^6    Rectunn.362. 

Ltg  more  carefully  wrapped  i(^,  ^^'^^         *^*3- 

Crural  artery      ....     347° 

„      vein         -        -  •     34**2. 


Tissues. 


Brain 

- 

40 

Liver 

- 

40'6-40'9 

Subcutaneous    tissue    2*1 

lower 

than  that  of  subjacent  muscles 

(man). 

.Anterior  chamber  of  eye 

. 

^;:?}(rabbit) 

Vitreous  humour 

- 

Catn'ties. 

{Mat. 

'.) 

Axilla 

. 

36*5-37*25 

Rectum 

- 

37-5-38 

Mouth 

- 

3725 

Vagina 

- 

37-5-38 

Uterus 

. 

37*7-38'3 

External  auditory  meatus 

- 

37-3-37'8 

(Bladder,  urine)  - 

- 

3703 
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(Man) 

Room 

temperature, 

>7S* 


Natural  Surfaces. 

Cheek  (boy,  immediately  after  running)  -  36'25 

^Anterior  surface  of  forearm     -        -        -  33'5-34*4 

i'oslerior         „  >,  '         '         -  34* 

Skin  over  biceps 35* 

„       „     head  of  tibia  -  -        -  3»  9 

,,    immediately  below  xiphoid  cartilage  347 

„    over  sternum  .         .         -         .  ^^2 

On  hair  (boy) 30' 

Under  hair  over  sagittal  suture  (boy)  337-34* 

Shaved  skin  of  neck  (rabbit)  -        -  365 

On  hair  „  „  -        -  3" '5 

„         between  eyes  „  -        -  307 


Artificial  Surfaces. 

(Man)        (Surface  of  trousers  over  thigh 

temperature,  |  * 

'7-5'         I        • 


coat  over  arm 
waistcoat 


287-257 

26*8 

26- 


Variations  in  the  Temperature. — The  internal  temperature, 
as  has  been  already  said,  is  not  strictly  constant.  It  varies 
with  the  time  of  day ;  with  the  taking  of  food ;  with  age ; 
to  a  slight  extent  with  violent  changes  in  the  external 
temperature,  such  as  those  produced  by  hot  or  cold  baths ; 
and  possibly  with  sex. 

The  daily  curve  of  temperature  shows  a  minimum  in  the 
early  morning  (two  to  six  o'clock),  and  a  maximum  in  the 
evening  (five  to  eight  o'clock)  (Fig.  117).  It  will  be  remarked 
that  the  daily  variations  of  temperatnre  and  those  of  the 
pulse-rate  (p.  76)  correspond  to  a  considerable  extent ;  and 
it  is  of  scientific,  and  perhaps  of  practical,  interest  that 
the  early  morning,  when  the  temperature  and  pulse-rate  are 
at  their  minimum,  is  often  the  period  at  which  the  flagging 
powers  of  the  sick  give  way.  From  two  to  sL\  o'clock  in 
the  morning  the  daily  tide  of  life  may  be  said  to  reach 
low-water  mark.  Even  in  a  fasting  man  the  diurnal  tem- 
perature-curve runs  its  course,  but  the  variations  are  not 
so  great.  The  taking  of  food  of  itself  causes  an  increase 
of  temperature,  although  in  a  healthy  man  this  rarely 
amounts  to  more  than  half  a  degree.  The  rise  of  tempera- 
ture is  certainly  due  in  part  to  the  increased  svotW  <il  ^^^fe  ^\- 


Fic.  117.— Ci'kVE  (.iiouis 
TiON  or  Body  Te 

old  people  and  youn; 
a  fit  of  cr>'ing  may  t 
a  baby.  The  temj 
higher  than  that  o 
more  variable. 

After  death  the 
slowly  (Fig.  iiS). 
temperat 
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ooiodication  whatever  of  the  phenomcnoa  may  be  obtained. 
The  explanation  of  post-mortem  rise  of  temperature  is  to 
be  found  :  (i)  In  the  continued  metabolism  of  the  tissues  for 
some  time  after  the  heart  has  ceased  to  beat,  for  the  cell  dies 


Tjnit;  maiked 
along  horizonia). 
and  tcmpciature 
«lonc  vertkal  axi». 
At  a  ether  snd 
chlorofomi  given 
to  lull  aoSmal  : 
death,  as  indicated 
by  stoppage  oT  Ihe 
hcan,  to^-placr 
at  h.  The  doiied 
line  shonrs  the 
course  the  cuive 
would  Havc  taken 
if  death  had  oc< 
curred  at  the  loo- 
raent  the  amei-. 
ibeiici  were  gi»en. 
Air  of  room  17  4'. 


FIG-     118-^CUHVK   or  (-'JOLISi;   Al-TKU    DHATII  (GL'INEA-FIC). 

harder  than  the  body.  (2)  In  the  diminished  loss  of  heat, 
doe  to  the  stoppage  of  the  circulation.  (3)  Possibly  to  a 
small  extent  in  physical  changes  (rigor  mortis,  coagulation 
of  blood)  in  which  heat  is  set  free. 


PR-\CTICAI>  EXERCISES  ON  CHAPTERS  VII.  AND  VIII. 

I-  Olrcogen — (i)  Preparation. — (;i)  Place  in  a  mortar  some  fine 
»ad  and  a  mixture  of  equal  volumes  of  saturated  solution  of 
Btfcuric  chloride  and  Esbach's  reagent.*  Put  one  or  two  oysters  in 
iheraortar,  rub  up  thoroughly,  and  let  the  mass  stand  till  {b)  and  {^) 
liave  been  done,  stirring  it  occasionally.  Then  filter  and  prccipiiaie 
the  glycogen  from  the  filtrate  with  alcohol.  Filter  again,  wash  the 
yftcipitaie  on  the  filler  with  a  little  alcohol,  dissolve  it  in  i  or  2  cc. 
of  water,  and  lest  for  glycogen  as  in  (^).  The  mercuric  chloride  and 
Eibach's  rei^eni  are  added  10  precipitate  the  proteids,  which  arc 
pi«e  completely  thrown  down  in  this  way  than  by  the  methods  used 
'•>(*)  and  {c)  (Huizinga). 

(i)  Cut  an  oyster  into  two  or  three  pieces,  throw  it  into  boiling 
•wer,  and  boil  for  a  minute  or  two.     Rub  up  in  a  mortar  with  clean 

*  El^ch's  reagent  is  a  solution  of  10  grm.  picric  acid  and  to  grm. 
Sic  acid  in  a  litre  of  water. 
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sand,  and  again  boil.  Kilter.  Precipitate  any  proteids  which  have 
not  been  coagulated,  by  adding  al  ternately  a  drop  or  two  of  hydrochloric 
acid  and  a  few  drops  of  potassio  mercuric  iodide  so  long  as  a  precipitate 
is  produced.  Only  a  small  quantity  of  these  reagents  will  be  required, 
as  tlie  greater  part  of  the  proteids  has  been  already  coagulated 
by  boiling.  Filter  if  aoy  precipitate  has  formed.  The  filtrate  is 
opalescent.  Precipitate  the  glycogen  from  the  filtrate  (after  con- 
centration on  the  water-bath  if  it  exceeds  a  few  cc  in  bulk)  by  the 
addition  of  four  or  five  times  its  volume  of  alcohol.  Filter  ofT  the 
precipitate,  wash  it  on  the  filler  with  alcohol,  and  dissolve  it  in  a 
little  water.  To  some  of  the  solution  add  a  drop  or  two  of  iodine  ;  a 
reddish  brown  (port  wine)  colour  is  produced,  which  disappears  on 
heating,  returns  on  cooling,  is  removed  by  an  alkali,  restored  by  an 
acid.  Add  saliva  to  some  of  the  glycogen  solution,  and  put  m  a 
bath  at  40"  ('.  In  a  few  minutes  reducing  sugar  (maltose)  will  be 
found  in  it  by  Tronimer's  lest  (p.  ^2^). 

Note  that  dextrin  gives  the  same  colour  with  iodine  as  glycogen 
does.  Dextrin  is  also  precipitated  by  alcohol,  but  a  greater  pro- 
portion must  be  added  to  cause  complete  precipitation.  Digest  a 
solution  of  sugar-free  dextrin  with  saliva  at  40'  C.  Reducing  sugar 
is  formed,  but  the  digestion  is  neither  so  rapid  nor  so  complete  as  in 
the  case  of  glycogen. 

(r)  Cut  another  oyster  into  pieces,  throw  it  into  boiling  water 
acidulated  with  dilute  acetic  acid,  and  boil  for  a  few  minutes.  Rub 
up  in  a  morinr  with  sand,  boil  again,  and  filter.  Test  a  portion  of 
the  filtrate  with  iodine  for  glycogen.  Precipitate  the  rest  with  alcohol, 
filler,  dissolve  the  precipitate  in  water,  and  test  again  for  glycogen. 

(2)  Deeply  etherize  a  dog  or  rabbit  5  hours  aftera  meal  rich  in  carbo- 
hjdrates  (c.^'.,  rice  and  potatoes).  Fasten  it  on  a  holder.  Clip  off 
the  hair  over  the  abdomen  in  the  middle  line.  Make  a  mesial  in- 
cision through  the  skin  and  abdominal  wall  from  the  ensiform  car- 
tilage to  the  pubis.  The  liver  will  now  be  rapidly  cut  out  [by  the 
demonstrator]  and  divided  into  two  portions,  one  of  which  will  be 
[distributed  among  the  class  and]  treated  as  in  (a)  or  {i>) ;  the  other 
will  be  kept  for  an  hour  at  a  temperature  of  40*  C,  and  then  sub- 
jected to  processes  (a)  or  {b).  Little,  if  any,  sugar  and  much 
glycogen  will  be  found  in  the  portion  which  was  boiled  imme- 
diately after  excision.  Abundance  of  sugar  will  be  found  in  the 
portion  kept  at  40"  C. ;  it  may  or  may  not  contain  glycogen. 

2.  Glycosuria. — (i)  Weigh  a  dog  (female  by  preference)  or  rabbit 
Give  morphia  to  the  dog  or  chloral  to  the  rabbit,  as  described  on 
pp.  150,  155.  Fasten  on  a  holder,  and  etherize.  Insert  a  glass  cannula 
into  the  femoral  or  saphenu  vein  of  the  dog,  or  into  the  jugular  of 
the  rabbit  (p.  151).  Fill  a  large  syringe  with  a  2  percent,  solution 
of  dextrose  (glucose)  in  normal  saline,  connect  it  with  the  cannula 
by  means  of  an  indiarubber  tube,  taking  care  that  there  are  no  air- 
buhljles  in  the  tube,  and  s/<m'/y  inject  as  much  of  the  solution  as 
will  amount  to  i  to  J  grm.  sugar  per  kilo  of  body-weight.  Tie  the 
vem,  remove  the  cannula,  and  in  half  an  hour  evacuate  the  bladder 
b;* passing  a  catheter  in  the  cjise  of  a  bitch  (p.  37 1 ),  by  pressure  in  the 
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cAsc  of  a  rabbit,  and  in  the  case  of  a  male  dog  ;  if  pressure  on  the 
abtlomen  fails,  by  tapping  the  bladder  with  a  trocar  pushed  through 
the  linea  alba  (suprapubic  puncture).  ]n  an  hour  again  draw  off 
the  urine.     Test  both  specimens  for  sugar. 

In  this  experiment,  the  o]>[Jortunity  may  also  be  taken  to  demon- 
strate that  egg-albumin,  when  injected  into  the  blood,  is  excreted  by 
the  kidneys,  a  clear  solution  containing  albumin  and  sugar  being 
injected. 

f2l  Phioridzin  Diahttes. — Dissolve  \  grm.  of  phloridzin  in  warm 
water,  and  inject  it  subcutancously  into  a  small  dog  (female).  Or 
\  grm.  may  be  injected  into  a  rabbit.  Obtain  a  sample  of  the  urine 
at  the  end  of  some  hours,  and  test  for  sugar.  If  none  is  present,  wait 
for  another  interval,  and  again  test  the  urine,  and  so  on. 

This  experiment  can  also  be  performed  without   risk   on   man. 
One  grm.  of  phloridzin  has  been  injected  twice  a  day  without  dis- 
turbing the  individual.     Much  sugar  is  found  in  the  urine,  but  it 
diuppears  the  day  after  the  administration  of  phloridzin  is  stopped. 
The  pblorid-zin  may  also  be  given  by  tht  moulh,  but  more  is  required, 
^pd  it  is  not   very  easily  absorbed,  and  often  causes   diarrhcea 
Br.  Mering). 

•  (3)  Punciure  Diabetes. — AnEcsthetize  a  rabbit  with  ether,  and  fasten 
i;(helly  down)  on  a  holder.  Put  a  pad  or  a  rollcd-up  towel  under 
r  neck  so  as  to  raise  the  back  of  the  head.  Divide  the  skin  over 
:  occipital  protuberance  down  to  the  bone.  Makea^wtz//  trephine 
olejust  behind  the  protuberance.  Push  in  through  the  cerebellum 
I  thin  glass  rod  drawn  out  to  not  too  sharp  a  point  in  the  blowpipe 
ifluneL  Hold  the  rod  so  that  it  will  bisect  the  line  joining  the  ex- 
I  openings  of  the  two  cars,  and  send  it  in  till  it  is  felt  to  have 
met  the  basilar  bone.  Empty  the  bladder  in  an  hour,  and  test  for 
supi  by  Trommer's  (p.  323)  and  the  phenyl  hydraane  test  (p.  370). 
(4)  Aiimentary  Glycosurta. —  The  urine  having  been  tested  for 
ugar  for  two  successive  days,  and  none  being  found,  (")  a  large 
qunittj-  of  cane-sugar  is  to  be  taken  in  the  fonn  which  is  most 
agreeable  to  the  student.  The  urine  of  the  next  twenty-four  hours 
i>  to  be  collected  and  measured.  A  sample  of  it  is  then  to  be  tested 
for  reducing  sugar  by  Trommer's  and  the  phenyl  hydrazine  test.  If 
*^  sugar  is  found,  the  reducing  power  of  a  definite  quantity  of  the 
uriw  is  to  be  determined  by  titration  with  Fehling's  solution  (p.  370) 
1«)  before  and  (/i)  after  boiling  with  hydrochloric  acid  (p.  329). 

Or  (d)  a  large  meal  of  rice  or  arrowroot,  sweetened  with  as  much 
(Itttrose  as  the  observer  can  induce  himself  to  swallow,  is  to  be 
taken,  and  the  unne  treated  as  in  (a). 
^    1^)  If  experiments  {a)  and  (*)  are  both  unsuccessful,  they  may  be 
■*^ted  on  a  dog. 

^  \  Eitimatloii  of  the  Quantity  of  Water  and  of  Oarbonic  Add 
tft^  at  {HaiJane's  Meifu}^). — Apparatus:  see  Fig.  119.  fJonnect 
L  *hc  apparatus  with  the  water-pump.  Allow  a  negative  pressure  of 
Bs  or  6  inches  of  water  to  be  established  in  it,  as  shown  by  the  rise  ' 
"  ^  *ater  in  the  bell-jar,  B.  Then  close  the  open  tube  of  carbonic 
icid  bottle  I,  and  clamp  tbe  lube  between  the  waiet-^utuv  ^^^  ^^^* 
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bell-jar.  If  ihc  negative  pressure  is  maintained,  the  arrangement  is 
air-tight.  Now  weigh  bottle  3  and  bottles  4  and  5,  the  last  two 
together.  Place  a  cat  in  the  respiratory  chamber,  connect  the 
chamber  directly  with  the  water-pump,  and  test  whether  it  is  light. 


Fig.  iiy.  — Haluane's  Appakatl's  for  Measuring  tiie  Quantitv  of  C0« 
AND  AQueoub  Vahuuk  given  off  »v  an  .Animal. 

A,  ciiambcr  into  which  the  animal  is  put  ;  i  .ind  4.  VVoulff's  bolilpt  filled  with 
so<U-lime  to  absorb  C0.> ;  s,  3,  and  5,  Woiiltl's  bottles  filled  Mith  purnicr-stone  MMked 
io  sulphuric  acid  to  absorb  watery  vApour;  H,  glass  bell  jar  suspended  ia  water,  by 
means  or  which  the  negative  pressure  ii  known  ;  T.  water-pump  which  sucks  Air 
through  the  apparatus  ;  i  aod  3  are  simply  for  absorbing  the  COs  and  HfO  of  the 
ingoiDf  air. 

Then  take  the  stopper  out  of  bottle  i,  and  adjust  the  rate  at  which 
air  is  drawn  through  the  apparatus.  Let  the  ventilation  go  on  for  a 
few  minutes,  then  insert  bottles  3,  4,  and  5  agairu  Note  the  time 
exactly  at  this  poim,  and  after  an  hour  disconnect  3,  4,  and  5,  and 
again  weigh.    The  difference  of  the  two  wtrighings  of  3  shows  the 


.\,  soda  lime ;  G,  sulpbortc  add 
tube  ;  C  wooden  frame,  in  which 
A  and  B  are  supponed  by  wires 
d;  b.  wire  hook,  winch  £rips  the 
glass  tube  firmly,  and  by  means  of 
which  the  lulxa  are  lifted  out 
of  the  fnme  irt  order  to  be 
weighed  :  a.  short  piece  of  gUss 
tubmg,  by  lakm^  out  which  the 
absorption  tubes  are  disconnecttd 
from  the  rest  of  the  iippamttts  :  e, 
gLiss  tube  Rotog  off  to  animal 
ch-imbrr.  The  right  hand  glass 
lube  uf  B  should  not  toucli  tb« 
sulphuric  acid  as  depicted. 


i-'lU.    iao.—Au&UKi'TJUN   TUUKS   FOK  CO3  AND  MoiiiTUSK. 


quantity  of  water  given  ofiT  by  the  animal  in  an  hour ;  the  dififercnce 
in  the  combined  weight  of  4  and  5,  the  quantity  of  carbonic  acid. 
Weigh  the  cal»  and  calculate  the  amount  of  water  and  of  carbonic 
^iven  off  per  kilo  per  hour. 
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For  the  student  it  is  more  convenient  to  use  smaller  animals.  The 
mouse  may  be  taken  as  an  example  of  a  warm-blooded  animal,  and 
the  frog  of  a  cold-blooded.  Adapt  the  apparatus  described  by 
Haldane  and  Pembrey  for  estimating  small  quantities  of  CO^,  (Lor- 
rain  Smith  and  Wesbrook).  Instead  of  the  WoulfiT's  bottles  use  wide 
test-tubes  connected  as  in  Fig.  120.  For  the  animal  chamber  use  a 
small  beaker.  Close  the  mouth  of  the  beaker  with  a  very  carefully- 
fitted  cork  which  has  been  boiled  in  fwraffin.  The  inlet  and  outlet 
tubes  of  the  chamber  are  to  be  introduced  through  this  cork.  The 
holes  for  these  are  to  be  bored  with  the  greatest  care,  and  the  tubes 
to  be  put  \r\  while  the  cork  is  still  hot  from  boiling  in  paraffin.  Also 
insert  a  thermometer  about  6  inches  long  registering  from  o'  C.  to 
45"  C.  Modeller's  wax  is  to  be  used  finally  to  render  all  the  junctions 
air-tight. 

Add  to  the  series  of  tubes  described  in  the  apparatus  a  single 
tube  containing  baryta-water.  This  is  placed  after  the  tube  5,  and 
so  arranged  that  the  air-current  bubbles  through  the  water.  As 
long  as  the  absorption  of  CO^,  is  complete,  the  baryta-water  remains 
clear.  Beyond  this  a  water-bottle  should  be  placed  to  act  as  a  valve 
and  to  indicate  the  negative  pressure  in  the  apparatus.  It  can  be 
most  simply  constructed  by  using  a  cylinder  of  stout  glass  tubing  in 
a  wide -mouthed  bottle  containing  some  water,  the  inlet  and  outlet 
tubes  passing  through  a  paraffined  cork  which  seals  the  upper  end  of 
the  cylinder. 

Before  making  an  observation,  test  whether  the  apparatus  is  air- 
tight, as  explained  above,  after  introducing  the  animal  into  the 
chamber,  sealing  the  latter  with  wax,  and  connecting  it  with  the  absorp- 
tion tubes.  But  a  negative  pressure  of  2  or  3  inches  of  water  is  a 
sufficient  test  for  the  small  apparatus. 

To  make  an  observation,  set  the  air-current  going  at  the  desired 
rate.  Allow  it  to  run  (or  a  few  minutes  till  the  COj  which  has 
accumulated  during  the  testing  has  been  swept  out.  At  a  time  which 
has  been  decided  on  and  noted,  stop  the  current  by  disconnecting 
the  water-pump.  Disconnect  and  stopper  up  the  animal  chamber, 
and  weigh  it  as  quickly  as  possible.  Connect  up  again,  using  only 
recently-weighed  absorption- tubes,  and  finally  connect  with  the 
water-pump  and  allow  the  current  to  pass  for  a  definite  period,  say 
an  hour.  If  a  consecutive  series  of  observations  is  10  be  made,  two 
sets  of  tubes  should  be  prepared  for  use  during  alternate  periods. 
Use  in  each  case  two  soda-lime  lubes,  the  most  recently  filled  one 
being  placed  second  of  the  two. 

The  soda-lime  should  not  be  too  dry,  or  absorption  is  not 
sufficiently  rapid.  The  following  facts  are  made  out  in  the  observa- 
tion : 

{a)  The  loss  of  weight  by  the  animal  chamber  (chiefly  loss  by  the 
animal).  {If)  The  gain  of  the  sulphuric  acid  tube  in  H^O.  U)  The 
gain  of  the  soda-lime  tubes  in  CO^. 

If  we  compare  total  loss  and  total  gain,  we  find  they  do  not  corre- 
spond, the  gain  being  always  greater  than  the  loss.  What  is  gained 
contains  a  surplus,  therefore,  and  this  can  onl^  \:^  Q%.'^^*£n  '«Vv^\«a& 
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been  absorbed  by  the  animal  and  added  to  the  H  and  C  of  its 
subsunce  to  form  H^O  and  CO^.  Calculate  the  respiratory 
quotient  (p.  185). 

The  following  series  of  experiments  should  be  done  with  this 
apparatus  :  ( 1 )  Observe  the  amount  of  gaseous  exchange  per  kilo  and 
hour  at  room  temperature  in:  (a)  A  cold-blooded  animal  (frog), 
{/')  a  wann-blooded  animal  {mouse).  {<)  Calculate  the  respiratory 
quotient  in  each  case.  (2)  01>serve :  {a)  The  effect  of  exercise  in 
increasing,  and  of  rest  in  diminishing,  the  total  gaseous  exchange 
(p.  188) ;  {b)  the  effect  of  food  in  increasing  the  total  gaseous 
exchange ;  (r)  the  effect  of  different  kinds  of  food  (carbo-hydrates, 
proteids,  etc.)  on  the  respiratory  quotient  (p.  1S6).  (3)  Observe  the 
reaction  of:  (fl)  A  coldblooded  animal,  (>)  a  warm-blooded  animal, 
to  changes  in  temperature  of  the  surrounding  air,  as  shown  in  the 
rise  and  fall  of  the  gaseous  exchange.  For  this,  arrange  round  the 
beaker  a  water-jacket  through  which  a  current  of  water  tlows.  Allow 
cold  water  to  flow  through  the  jacket  for  half  an  hour,  and  read  off 
the  temperature  of  the  chamber  (say  10'  C.)-  {"'or  the  next  half-hour 
heat  the  water  in  the  jacket  till  the  air  of  the  chamber  is  at  30'  C. 
Lastly,  take  another  observation  of  a  cold  period.  Compare  the 
exchange  for  the  three  periods  (p.  437). 

4.  Measurement  of  t^e  Quantity  of  Heat  given  off  in  Kespixation. 
— This  may  he  done  approximately  as  follows:  Put  in  the  inner  copper 
vessel,  A,  of  the  respiration  calorimeter  (Fig.  114,  p.  426^  a  measured 
quantity  of  water  sufficient  to  completely  cover  the  serier.  of  brass 
discs.  Place  A  in  the  wider  outer  cylinder,  the  bottom  of  which  it 
is  prevented  from  touching  by  pieces  of  cork.  The  outer  cylinder 
hinders  loss  of  heat  to  the  air.  Suspend  a  thermometer  in  the  water 
through  one  of  the  holes  in  the  lid.  In  the  other  hole  place  a  glass 
rod  to  serve  as  a  stirrer.  Read  off  the  temi^rature  of  the  water.  Put 
the  glass  tube  connected  with  the  apparatus  in  the  mouth,  and  breathe 
out  through  it  as  regularly  and  normally  as  possible,  closing  the 
opening  of  the  tube  with  the  tongue  after  each  expiration  and 
breathing  in  through  the  nose.  Continue  this  for  5  to  10  minutes, 
taking  i^re  to  stir  the  water  frequently.  Then  read  off  the  icm- 
jierature  again.  If  W  be  the  quantity  of  water  in  cc,  and  /  the 
observed  rise  of  temperature  in  degrees  Centigrade,  VV/  equals  the 
quantity  of  heat,  expressed  in  small  calories  (p.  420),  given  off  by  the 
respiratory  iratt  in  the  time  of  the  experiment,  on  the  assumptions 
(i)  that  all  the  heat  has  been  absorbed  by  the  water,  {2)  that  none 
of  it  has  been  lost  by  radiation  and  conduction  from  the  calorimeter 
to  the  surrounding  air.  Calculate  the  loss  in  twentj'-four  hours  on 
this  basis ;  then  repeat  the  experiment,  breathing  as  rapidly  and 
deeply  as  possible,  so  as  to  increase  the  amount  of  ventilation.  The 
quantity  of  heat  given  off  will  be  found  to  be  increased. 

]n  an  experiment  of  short  duration  (2)  is  approximately  fulfilled. 
As  to  (1),  it  must  be  noted  that  in  the  first  place  the  metal  of  the 
calorimeter  is  heated  as  well  as  the  water,  and  the  water-equivalent  of 
the  apparatus  must  be  added  to  the  weight  of  the  water  (p.  4?  t ).  The 
wa/er-equivalent  is  determined  by  putting  a  definite  weight  of  water  at 
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air  tecnperature  T  into  the  calorimeter,  and  then  allowing  a  quantity 
of  hot  water  at  known  temi>erature  1"  to  run  into  it,  stirring  \.ell,  and 
noting  the  tcinperalure  oi  the  water  when  it  has  ceased  to  rise.  Call 
ihb  temperature  V.  Enough  hot  water  should  be  added  to  raise 
ibc  teiui^erature  of  the  calorimeter  about  2'  C.  The  quantity  run 
in  ts  obuined  by  weighing  the  calorimeter  before  and  after  the  hot 
water  has  been  added.  Suppose  it  is  m.  Let  the  mass  of  the  cold 
water  in  the  calorimeter  at  first  be  M,  and  let  M'  =  the  niass  of  water 
which  would  be  raised  1'  C.  in  temperature  by  a  quantity  of  heat 
sufficient  to  increase  the  temperature  of  all  the  metal,  etc.,  of  the  calori- 
meter b>-  i'  ;  in  other  words,  the  water-equivalent  of  the  calorimeter. 
fcl'be  mass  m  of  hot  water  has  lost  heat  to  the  amount  of  m 
-  'P>,  and  this  has  gone  to  raise  the 
nperaiure  of  a  mass  of  water  M  and  metal 
KTalent  toamass  of  water  M' by  (T' -T)  de- 
.■.w(r-T")-M(T'~T)  +  M(T'-Tj. 
Everything  in  this  equation  except  M'  is  known, 
»d  ■-  M',  the  water-equivalent  of  the  calon- 
nwter,  can  be  deduced^  and  must  be  added 
m  all  exact  experiments  to  the  mass  of  water 
cMtuined  in  it. 

Secondly,  all  the  excess  of  heat  in  the  ex- 
(ired  o\^r  that  in  the  inspired  air  is  not  given 
off  to  the  calorimeter,  for  the  air  passes  out 
rfitata  slightly  higher  temperature  than  that 
of  the  atmosphere.  At  the  bcgmning  of  the 
opcriment  this  excess  of  temperature  is  zero. 
If «  the  end  it  is  i^  C,  the  mean  excess  is 
oy  C  Now,  when  respintion  is  carried  on 
id  A  room  at  a  temperature  of  xo"  C,  the  expired  air  has  its 
ttopaature  increased  by  nearly  30*  C.  About  ^^q  of  the  heal  given 
*^b)*  the  respiratory  tract  in  raising  the  temperature  of  the  air  of 
aiion  would  accordingly  be  lost  in  such  an  experiment  But 
w  the  portion  of  the  heat  lost  by  the  lungs  which  goes  to  heat  the 
ptepired  air  is  only  \  of  the  whole  heat  lost  in  respiration  (p.  425),  the 
Ww  would  only  amount  to  ^^^  of  the  whole,  and  this  is  negligible. 
Thirdly,  the  air  leaves  the  calorimeter  saturated  with  water)-  vapour 
11.  *ay,  lo's",  while  the  inspired  air  is  not  saturated  for  10'  C. 
No»,  the  quantity  of  heat  rendered  latent  in  the  evaporation  of  water 
efficient  to  saturate  a  given  quantity  of  air  at  40'  C.  (the  expired  air 
*intyrated  for  IxMJy  temperature)  is  six  times  that  required  to  saturate 
^  lame  quantity  of  air  at  to*.  If,  then,  the  inspired  air  is  half 
'aiuraied,  the  error  under  this  head  is  j'.j,  or  8^  per  cent.  If  the 
'nspire(j  air  is  three-quarters  saturated,  the  error  is  ^,  or  about 
•tpcrcenL  If  the  air  is  fully  saturated  before  inspiration,  as  is  the 
•^■when  it  is  drawn  in  through  a  water-valve  (Fig.  lai)  by  a  tube 
'^  in  one  nostril,  the  only  error  is  that  due  to  the  slight  excess  of 
terancraiure  of  the  air  leaving  the  calorimeter  over  that  of  the  inspired 
'"  The  latent  heat  of  the  atjueous  vapour  in  saturated  air  at  10*5"  C. 
"•bout  -i'aih  more  than  the  Latent  heat  of  the  aqutous  \a.v^^^  ^"^ 
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the  same  mass  of  saturated  air  at  lo'  C,  or  about  ^\xs  ^^  ^^^  latent 
heat  in  saturated  air  at  40".  The  error  in  this  case  would  therefore 
be  under  1  i>er  cent.     The  lubt-s  must  be  wide  and  ihc  bottle  large. 

5.  Variatioas  in  the  Quantity  of  Urea  excreted,  with  Vam.tiona 
in  the  Amount  of  Proteids  in  the  Food. —  The  siudent  should  put 
himself,  or  somebody  else  if  he  can,  for  two  days  on  a  diet  poor  in 
proteida,  then  (after  an  iiucr\al  of  forty-eight  hours  on  his  ordinary 
food)  on  a  diet  rith  in  proteids.  A  suitable  table  of  diets  will  be 
supplied.  J'he  urine  should  be  collected  on  the  six  days  of  the  period 
of  experiment,  on  the  day  before  it  begins,  and  on  the  day  after  ii 
ends.  Small  samples  of  the  mixed  urine  of  the  twenty-four  hour^  lor 
each  of  these  ei^ht  days  should  be  brought  to  the  laboratory,  and 
the  quantity  of  urea  determmed  by  the  hypobromite  method.  The 
volume  of  the  urine  passed  in  each  intenal  of  twenty-four  hours 
being  known,  the  total  excretion  of  urea  for  the  twenty-four  hours 
can  be  calculated,  and  a  curve  plotted  to  show  how  it  varies  during 
the  period  of  expcriniunl. 

6.  Nitrofenous  Metabolism. — For  the  study  of  nitrogenous  balance 
experiments  on  a  mouse  will  be  found  the  simplesL  Break  up  into 
small  particles  a  ([uantity  of  dog-biscuit  sufficient  to  feed  the 
mouse  during  the  "hole  experiment.  Estimate  by  several  analyses 
the  proportion  of  nitrogen  in  the  dog-biscuit.  Use  Kjeldahls  method, 
as  described  on  [>.  365,  but  substitute  for  the  sulphuric  acid  employed 
for  oxidation  a  mixture  of  sulphuric  and  phosphoric  acids  ( i  part  pho£ 
phoric  to  5  parts  sulphuric),  as  this  oxidizes  more  quickly  than  sul- 
phuric alone.  Boil  with  this  for  1  to  li  hours.  Keep  the  biscuit 
in  an  air-tight  ves.scl  to  prevent  change  of'  weight  by  drying. 

For  animal  chamber  use  a  cylindrical  glass  vessel,  and  place  in 
Jt  a  stage  of  wire  netting  on  which  the  mouse  may  remain.  The 
urine  and  ficces  fall  through  the  wire  netting,  and  arc  collected  on 
the  bottom  of  the  glass  vessel.  If  the  laboratory  be  cold,  the  mouse 
must  be  kept  in  an  incubator  at  about  20"  C- 

Begin  the  observations  by  finding  the  quantity  of  biscuit  needed 
to  keep  the  weight  of  the  mouse  constant.  When  this  has  been 
obtained,  feed  the  mouse  and  collect  the  urine  and  fxccs  for  analj-sis 
at  the  same  time  each  day  for  three  or  four  successive  days.  Compare 
the  analysis  of  food  and  excreta. 

7.  Thyroidectomy. — Study  the  anatomy  of  the  neck  and  the  rela- 
tions and  bloml-supply  nf  the  thyroid  glands  in  a  d(^  used  for  some 
previous  experiment. 

(i)  Then  select  a  half-grown  dog,  weigh  it,  inject  morphia  subcu- 
taneously  <p.  150),  and  fasten  on  the  holder  back  down.  Clip  the  hair 
from  the  neck,  and  shave  a  wide  space  on  each  side  of  the  middle 
line.  Scrub  with  soap  and  water,  and  then  with  corrosive  sublimate 
solution.  All  sponges,  instruments,  ligatures,  etc.,  must  have  been 
previously  boiled  ;  the  instruments  are  immersed  in  5  per  cent,  carbolic 
acid  solution,  everything  else  in  the  corrosive  solution.  1  he  hands 
and  nails  must  be  carefully  cleansed  and  washed  with  corrosive.  A 
longitudiiul  incision  is  made  through  the  skin  and  subcutaneous 
tissue  in  the  middle  line  of  the  neck,  beginning  a  little  below  the  pro- 
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Jecting  thyroid  cartilage.  By  se[)aratiiig  the  longitudinal  muscles  just 
external  to  the  trachea  on  one  side,  the  corresponding  thyroid  lobe  will 
be  seen  as  an  oval  red  body.  It  is  now  to  be  carefully  freed  from 
its  attachments  ;  all  vessels  connected  with  it  are  to  be  tied  with 
double  ligatures,  and  divided  between  the  ligatures.  In  tying  the 
superior  thyroid  arter)*  (a  short  large  vessel  coming  oflT  from  the 
carotid),  care  must  be  taken  not  to  put  the  ligatures  too  near  its 
origin,  as  the  rapid  current  in  the  carotid  may  prevent  closure  of  the 
vessel  by  clot,  and  secondary  hxmorrhagc  may  occur  some  days  after 
the  operation.  The  thyroid  lobe  is  thus  shelled  out  of  the  tissues 
in  which  it  lies.  If  an  isthmus  is  present  (the  isthmus  connects 
the  two  lobes  across  the  front  of  the  trachea),  it  must  also  be  removed. 
AU  bleeding  having  been  stopped,  the  wound  is  washed  out  with 
corrosive  solution,  and  the  muscles  brought  together  over  the  trachea 
by  a  row  of  interrupted  sutures,  which  should  not  be  drawn  too 
lightly.  The  wound  in  the  skin  is  then  closed  by  a  similar  row, 
preferably  of  subcutaneous  sutures  (see  p.  156).  Collodion  is 
painted  over  the  wound,  and  the  aninul  is  returned  to  its  cage.  It 
should  be  kept  for  a  week,  or,  better,  a  fortnight,  and  examined  care- 
fully during  that  time.  Probably,  unless  the  wound  has  become 
infected,  its  behaviour  will  be  perfectly  normal. 

(2)  The  second  part  of  the  experiment,  which  consists  in  removing 
the  remaining  thyroid  lobe,  is  now  to  be  performed  just  as  in  (1).  The 
animal  must  be  examined  next  morning,  and  then  twice  a  day  for  the 
following  week,  as  the  symptoms  of  cachexia  strumipriva  generally 
come  on  very  rapidly  in  young  dogs,  and  death  may  even  ensue 
within  two  days.  Trembling  of  the  limbs,  asso<:ialed  with  insta- 
bility of  movement,  s[>asms  resembling  those  of  tetany,  sometimes 
passing  into  general  epileptiform  corivulsions,  and  progressive  emacia- 
tion, are  the  most  marked  symptoms.  The  animal  must  be  weighed 
daily,  the  temperature  taken  in  the  rectum,  the  thermometer  being 
always  pushed  in  to  the  same  distance ;  and  it  will  also  be  well  to 
determine  the  number  of  the  red  corpuscles  in  samples  of  the  blood 
<p.  48).  A  record  of  the  experiment  from  thf  operaiion  to  the 
autopsy  must  be  kept.  At  the  autopsy  search  must  be  made  to  see 
whether  the  thyroid  was  completely  removed,  and  whether  any 
accessory  thyroids  exist.  Such  are  iKzcasionally  found  in  the  form  of 
small  reddish  masses,  either  in  the  neck  or  within  the  chest  in  the 
neighbourhood  of  the  aorta.  If  any  are  found,  they  must  l>e  hardened 
in  alcohol  and  sections  made.  Portions  of  the  muscles,  spleen,  and 
central  nervous  system  are  also  to  be  preserved  ;  and  it  is  to  he 
observed  whether  the  pituitary  body  has  undergone  any  increase  in 
size  or  other  change  {pp.  416.  417). 

8.  Thyroidectomy  with  Thyroid  Feeding — Some  of  the  members 
of  the  class  should  modify  exjieriment  7  by  feeding  the  .animal,  as 
soon  as  symptoms  have  appeared,  with  fresh  sheep's  thyroid  gland.s 
or  commercial  thyroid  extracts,  and  noting  any  alleviation  of  the 
symptoms.  If,  as  only  rarely  happens,  they  disappear,  the  animal 
is  to  be  allowed  to  live  for  a  considerable  time,  then  kiUed  Va>i 
chloroform,  an  autopsy  made,  and  portions  o^  V\\t  t;\^?»\ie's.\vw^six\'t^ 
and  compared  with  those  from  experiments  done  a'i  m  t  . 


CHAPTER  IX. 
MTJBCLE. 


h  is  impossible  to  understand  the  general  physiology  of  muscle  i 
nerve  without  some  acquaintance  with  electricity.     It  would  be 
of  place  to  give  even  a  complete  sketch  of  this  preliminar>' 
essential  knowledge  here  ;  and  the  student  is  expressly  warned  ihj 
this  book  the  elementary  facts  and  principles  of  physics  are  assuB 
10  be  part  of  his  mental  outfit.     But  in  describing  some  of     _ 
electrical  apparatus  most  commonly  used  in  the  study  of  this  ponion 
of  our  subject,  it  may  be  useful  to  recall  the  physical  facts  involved 

Batteries. — Thu  f>aniell  cell  is  perhaps  better  suited  for  physio- 
logical work  than  any  other  voltaic  element,  although  for  speciil 
purposes  Bunsen,  Grove,  Leclanch^,  and  bichromate  of*  potassium 
batteries  may  be  employed. 


A.  outer  veucl :  B. 
Lopper :  C.  pocDus 
pot ;  D.  zinc  rod  ;  D 
lb  suppcHed  to  be 
raitrd  a  Hitle  so  HI  U> 
t]«  seen. 


123     iMNiELL  Cell. 

The  Uanicll  is  a  two-fluid  cell     Saturated  solution  of  sulphite 
copper  is  contained  in  an  outer  vessel,  and  a   dilute   solution 
sulphuric  acid  in  a  porous  pot  standing  in  the  copper  sulphati 
tion.    The  latter  is  kept  saturated  by  a  few  crystals  of  copper  sul 
A   piece   of  sheet-copper,  generally   bent   so  as  to  form  a  boUov— 
cylinder,  dips  into  the  sulphate  of  copper,  and  a  piece  of  ainilg*^ 
mated  zinc  into  the  contents  of  the  porous  pot.     Inside  the  cdl  ik»* 
current  (the  positive  electricity)  passes  from  zinc  to  copper ;  outsid 
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from  copper  to  zinc.  The  copper  is  called  Ihe  positive,  the  zinc  the 
negative^  pole.  When  the  current  is  passed  through  a  tissue,  the 
electrode  by  which  it  enters  is  termed  the  anode,  and  that  by  which 
it  leaves  the  tissue  the  kathode.  The  anode  is,  therefore,  the  elec- 
trode connected  with  the  copper  of  the  Daniell's  cell ;  the  kathode 
is  connected  with  the  zinc. 

Potential— Current  Strength — Resistance. — We  do  not  know 
what  in  reality  electricity  is,  but  we  do  know  that  when  a  current 
flows  along  a  wire  energy  is  expended,  just  a.s  energy  is  expended 
when  water  flows  from  a  higher  to  a  lower  level.  Many  of  the 
phenomena  of  current  electricity  can,  in  fact,  be  illustrated  by  the  laws 
of  flow  of  an  incompressible  liquid,  'i'he  difference  of  level,  in  virtue 
of  which  the  flow  of  liquid  is  maintained,  corresponds  to  the  difl"erencc 
of  electrical  level,  tyc  potential^  in  virtue  of  which  an  electrical  current 
is  kept  up.  The  positive  pole  of  a  voltaic  cell  is  at  a  higher  potential 
than  the  negative.  When  they  are  connected  by  a  conductor,  a  flow 
of  electricity  takes  place,  which,  if  the  difference  of  level  or  potential 
were  not  constantly  restored,  would  soon  equalize  it,  and  the  current 
would  cease ;  just  as  the  flow  of  water  from  a  reservoir  would  ulti 
mately  stop  if  it  was  not  replenished.  If  the  reservoir  was  small,  and 
the  dischargingpipe  large,  the  flow  would  only  last  a  short  time  ;  but 
if  water  was  constantly  being  pumped  up  into  it,  the  flow  would  go  on 
indefinitely.  This  is  practically  the  case  in  the  Paniell  cell.  Zinc  is 
constantly  being  dissolved,  and  the  chemical  energy  which  thus  dis- 
appears goes  to  maintain  a  constant  difference  of  potential  between 
the  poles.  Electricity,  so  to  speak,  is  continually  running  down  from 
the  place  of  higher  to  the  place  of  lower  potential,  but  the  cistern  is 
always  kept  full 

The  difference  of  electrical  potential  between  two  points  is  called 
the  eUctromotive  force ;  and  from  its  analogy  with  difference  of  pressure 
in  a  liquid,  it  is  easy  to  understand  that  the  intensity  or  strength  0/  t/ie 
current^  that  is,  the  rate  of  flow  of  the  electricity  between  two  points 
of  a  conductor,  does  not  defiend  upon  the  electromotive  force  alone, 
any  more  than  the  rate  of  discharge  of  water  from  the  end  of  a  long 
pil>e  depends  alone  on  the  difference  of  level  between  it  and  the 
resenoir.  In  both  cases  the  resistance  to  the  flow  must  also  l>c 
taken  account  of.  With  a  given  difference  of  level,  more  water  will 
pass  per  second  through  a  wide  than  through  a  narrow  pipe,  for  the 
resistance  due  to  friction  is  greater  in  the  latter.  In  the  case  of 
an  electrical  current,  a  wire  connecting  the  two  poles  of  a  UaniuU's 
cell  will  represent  the  I'ipe.  A  thick  short  wire  has  less  resistance 
than  a  thin  long  wire:  and  for  a  given  difference  of  potential,  of 
electric  level,  a  stronger  current  will  flow  along  the  former.  But  for 
a  wire  of  given  dimensions,  the  intensity  of  the  current  will  vary  with 
the  electromotive  force.  The  relation  between  electromotive  force, 
strength  of  current,  and  resistance  were  experimentally  determined  by 

Ohm,  and  the  formula  C  =  5,  which  expresses  it,  is  called  Ohm's  Law, 

It  states  that  the  current  varies  directly  as  the  eleciromolWft  fo\tt, 
and  inversely  as  the  resistance. 
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Although  we  do  not  know  in  what  islectrical  resistance  consists,  it 
may  be  defined  as  that  property  of  a  conductor  in  virtue  of  which  a 
flow  of  electricity  cannot  be  kept  up  through  it  without  the  expendi- 
ture of  energy'.  In  treating  of  the  circulation  of  the  blood,  we  have 
already  seen  that  the  flow  of  a  liquid  along  a  tube  involves  the 
expenditure  of  energy  to  overcome  the  friction  of  the  liquid  molecules 
on  each  other,  and  that  this  energy  is  transformed  into  heat  (p.  58). 
In  like  manner  electrical  energ)  is  transformed  into  heat  whenever  a 
current  flows  along  a  wire.  The  heat  produced  in  a  circuit  in  which 
no  external  work  is  done  is  exactly  equal  to  the  energy  which  has  dis- 
apijeared  in  the  transference  of  the  electricity  from  the  place  of  higher 
to  the  place  of  lower  potential ;  just  as  the  heat  produced  in  the  flow 
of  a  liquid  is  equal  to  the  difference  in  its  total  energy  at  the 
b^inning  and  end  of  the  path.  If  C  is  the  current  strength,  and  E 
the  electromotive  force,  the  energy  represented  by  the  transference  of 
electricity  in  time  /  is  EC/,  or  (since  E  =  CR  by  Ohm's  Law),  C-R/ ; 
and  this  represents  the  heat  produced  in  the  circuit  when  no  work 
is  done. 

For  the  measurement  of  electrical  quantities  a  sy-stem  of  units  is 
necessary.  The  common  unit  of  resistance  is  the  ohm,  of  current  the 
ampere^  of  electromotive  force  the  vqU.  The  electromotive  force  of  a 
Daniell's  cell  is  about  a  volt.  An  eleciromotivc  force  of  a  volt, 
acting  through  a  resistiance  of  an  ohm,  yields  a  current  of  one 
ampttre  ;  but  the  current  produced  by  a  Daniell'f.  cell,  with  its  poles 
connected  by  a  wire  of  i  ohm  resistance,  would  be  less  than  an 
ampere,  because  the  internal  resistance  of  the  cell  itself,  that  is,  the 
resistance  of  the  liquids  between  the  zinc  and  the  copper,  must  be 
added  to  the  external  resistance  in  order  to  get  the  totil  resisunce, 
which  is  the  quantity  represented  by  R  in  Ohm's  Law, 

Heasurement  of  Resistance. — To  find  the  resistance  of  a  con- 
ductor, we  compare  it  with  known  resistances,  as  a  grocer  finds  the 


Pic.  ta^.— WiiEA-isTCtNes  Bbiex;!:.     Iig.  ia4.— Uiauhau  01-  RfL»i&TANce  Box. 

weight  of  a  packet  often  by  comparing  it  with  known  weights.  The 
Wheatstone's  bridge  method  of  measuring  resistance  deiwnds  on  the 
fact  that  if  four  resistances,  AB,  AD,  BC,  CD,  are  connected,  as  in 
rig.  125,  with  each  other,  and  with  a  galvanometer  G  and  a  battery  V* 

no  current  will  flow  through  the  galvanometer  when  ^  J:  =  =i. 

ci\j     Cw 
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For  when  no  current  passes  through  ihe  galvanometer,  B  and  D 

•  St  the  same  i>oiential,  I^t  the  fall  of  potential  from  C  to  B  or 
IM»  C  to  1>  be  a  ;  (ben,  since  the  loul  fall  of  potential  from  C  to  A 
lust  be  the  same  along  either  of  the  paths  CB  A  or  CDA,  the  fall  from 

CO  A  must  be  equal  to  that  from  U  to  A.  Call  this  /j.  Now,  the 
ill  of  potential  which  takes  place  in  any  given  portion  of  a  circuit  is 
>lbe  whole  fall  of  potential  in  the  circuit  as  the  resistance  of  (he 

ven  portion  is  to  the  whole  resistance.     That  is« 

a  BC 

a  +  )§~BC  +  AB' 

yj     _      AB       .      .      a     BC 
a+3"BC  +  AB'    •'    ^*AB' 
^     .  _i-     «     CD       .    BC     Cn    ^    AB      BC 
Similarly:  jg^^j^.    *'    AB  =  aT/  °    AU^CD' 

In  making  the  measurement,  a  resisunce-box,  containing  a  large 
number  of  coils  of  wire  of  different  resistances,  is  used  (Fig.  124). 
rb«  resistances  corresixindini:  10  AB  .ind  AP.  called  the  arms  of  the 


KK;.   125.— S-  Mf.SJK   OF   Wltl^tMASSS   G ALVA.NOMETEIt    (WIT>I   TELK5COPE 

RtADINCj. 

'T.  irkirnrc  ;  S,  scale ;  M,  mirror ;  m.  ring  niagoet  itupended  between  the  two 
k)»ajHmirt(T  coiU  G.  the  dtsunce  of'wbich  from  m  can  be  nuied  ;  F,  fibre  suspending 
'irt^M  UKl  mignci. 

M^d^e,  nuy  be  made  e<iual,  or  may  stand  to  each  other  in  a  ratio 
\f_x  ■■  10.  !  :  100,  etc.  Then,  the  unknown  resisunce  being  CD, 
l^u  i  by  taking  plugs  out  of  the  box  till,  on  closing  the 

Wf*^'  '^  either  no  deflection,  or  the  deflection  is  as  small  «s 

Its  p»rv-,il.ie  to  make  it  with  the  given  arrangement 

O&tTanometer. — A  galvanometer  is  an  instrument  used  to  detect  a 

current,   to  determine  its  direciion,  and   to   measure  its   intensity. 

ifi^^,  by  Ohm's  law,  electromotive  force,  resistance,  and  current 

^■Mh  in  connected  together,  any  one  of  them  may  be  measured 

iPWie  galvanometer.    A  galvanometer  of  the  kind  ordinarily  used  in 

^iiysiology  consists  essentially  of  a  small  magnet  suspended  in  the 

wis  of  a  coil  of  wire,  and  free  to  rotate  under  the  influence  of  a 

onwnt  passing  through  the  coil.     The  most  sensitive  it\suuvntxvV& 
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possess  a  smatl  mirror,  to  which  the  magnet  is  rif;idly  attached.  A 
ray  of  light  is  allowed  to  fall  on  the  mirror,  from  which  it  is  reflected 
on  to  a  scale ;  and  the  rotation  of  the  mirror  is  magnified  and 
measured  by  the  excureion  of  the  spot  of  light  on  the  scale.  In 
the  Thomson  gaU'onometcrs  the  magnet  is  very  light.  A  strip 
or  two  of  magnetized  watch-spring  does  very  well.  The  magnet 
is  'damped,'  that  is,  its  tendency,  when  once  displaced,  to  go  on 
oscillating  about  its  new  position  of  equilibrium  is  overcome  by 
enclosing  it  in  a  narrow  air  space.  In  the  Wiedemann  instrument  the 
magnet  is  heavier(Fig.  125).  It  swings  in  a  chamber  with  copper  walls. 
Every  movement  of  the  magnet  '  induces '  currents  in  the  copper; 
these  tend  to  oppose  the  movement,  and  so  '  damping  *  is  obtained. 
It  is  usual  to  read  the  deflections  of  the  Wiedemann  gaK-anomeier  by 
means  of  a  telescope.  An  inverteci  scale  is  placed  over  the  telescope 
at  a  distan<:e  of,  say,  a  metre  from  the  mirror ;  an  upright  image  of 
the  scale  is  formed  in  the  telescope  after  reflection  from  the  mirror^ 
and  with  every  movement  of  the  latter  the  scale  divisions  appear  to 
move  correspondingly-  The  method  of  reading  by  a  telescope  can 
be  applied  to  any  mirror  galvanometer,  and  is  often  extremely  con- 
venient in  physiological  work.  Sometimes  a  small  scale  is  fastened 
on  the  mirror  itself,  and  observed  directly  through  a  low-power 
microscope. 

A  suspended  magnet,  if  no  other  magnets  are  near,  takes  up  a 
definite  position  under  the  influence  of  the  earth's  magnetism  ;  its 
long  axis,  in  the  position  of  rest,  lies  in  a  vertical  plane,  called  the 
plane  of  the  magnetic  meridian  at  the  given  place.  The  *  marked  '  or 
north  pole  points  north,  the  south  pole  south.  If  the  magnet  is  dis- 
turbed from  this  fiosition,  it  tends  to  return  to  it  as  soon  as  the  dis- 
turbing  force  ceases  to  act.  If,  for  instance,  the  north  pole  is  displaced 
in  an  eastward  direction,  the  earths  magnetism  will  produce  a  couple 
(a  pair  of  parallel  forces  acting  in  opposite  directions),  one  meml>cr 
of  which  may  be  considered  to  pull  the  north  pole  towards  the  west, 
and  the  other  to  pull  the  south  pole  towards  the  east.  Displacement 
of  the  magnet,  then,  is  opposed  by  this  couple  ;  and  where  the  dis- 
placing force  is  small,  that  is,  the  current  passing  through  the  galva- 
nometer weak,  as  is  usually  the  case  in  physiological  observations,  it 
becomes  important  to  reduce  the  eflect  of  the  magnetism  of  the 
earth,  in  other  words,  the  strength  of  the  magnetic  field,  as  much  as 
possible.  This  can  be  done  by  bringing  a  magnet  into  the  neigh- 
bourhood of  the  galvanometer  with  its  north  pole  pointing  north. 
This  pole,  which  is  the  one  attracted  by  the  earth's  north  pole,  is 
magnetized  in  the  opposite  sense  ;  and  by  properly  adjusting  its 
distance  from  the  galvanometer  magnet,  the  influence  of  the  earth  on 
the  latter  can  be  almost  neutralized,  and  the  system  made  nearly 
*  astatic'  In  many  galvanometers  the  magnets  attached  to  the  mirror 
form  an  'astatic  'pair  (Fig.  126).  Two  small  magnets  of  nearly  equal 
strength  are  connected  to  a  light  slip  of  horn  or  an  aluminium  wire, 
with  their  poles  in  opposite  directions.  The  earth's  magnetism  affects 
them  op|X)sitely.  so  that  the  resultant  action  is  nearly  zero.  It  is  not 
possible  to  make  the  magnets  exactly  equal  in  strength,  nor  is  it 
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Fig.  128. 


h\<i.      127.    -DiAUKAM      Ul-      RHEuCoBtl 
(AI'TKK  DU  BotS>RF.VMONn's  MODKLl. 


Description  of  Fig.  ja6.— SN  and  NS  are  Ihe  magnets,  fixed  to  the  vertical  piece  P. 
M  is  a  mirror.  The  Airow-hcads  show  the  direction  of  a  current  which  deflecu  both 
magnets  in  the  same  dtreciion. 

Description  of  Fij.  127.— I.  to  VII.  arc  pieces  o(  brmss  connected  with  the  wires 
a  to  /  in  such  a  way  that  by  taking  out  any  or  the  braes  plugs  i  to  5.  a  greater  or  Ins 
resistance  may  be  interposed  between  the  binding  acrewn  A  and  B.  The  two  wires  a 
are  eonnecifd  by  .t  sfid<r  s.  filled  with  niercur>'  or  otherwise  making  contact  between 
the  wiret.  'Hie  current  from  the  bnttcry  B  divides  at  A  atid  B.  part  of  it  pASSing 
through  the  rheocord,  part  through  N,  the  nerve,  muscle,  or  other  conductor  which 
forma  the  alterttative  circuit.  When  a  sufficient  resistance  R  is  interposed  in  the  chief 
drcutt  to  make  the  total  strength  of  the  cuttcdi  independent  of  changes  in  the 
resistance  of  the  rheocord,  the  strength  of  the  current  passing  through  N  will  vary 
Inversely  as  the  resistance  of  the  rheocord.  When  all  the  plugs  are  in.  and  the  slider 
close  up  10  A,  there  i^  practically  no  resistance  in  the  rheocord,  and  all  the  current 
passes  across  the  brass  pieces  and  plugs  to  B,  and  thence  back  to  the  battery.  As  j  is 
moved  (uriher  n>vay  from  A,  the  resistance  of  the  rheocord  is  increased  more  and 
more,  and  the  intensity  of  the  current  passing  through  N  becomes  greater  and  greater. 
The  scale  S  shows  the  length  of  wire  interposed  for  any  position  of  <.  and  this  gives  a 
rough  measure  of  the  fraction  of  the  current  passing  through  N.  When  p'ug  t  or  3  is 
taken  out,  a  resi&iance  equnl  to  that  of  the  two  wire*  a  h  interposed  ;  plug  3.  twice  that 
of  a  :  plug  4,  five  limes  :  plug  5.  ten  times. 

Description  of  Fig.  rsS.  — W  is  a  wire  stretched  alongside  a  scale  S.  A  battery  0  is 
connected  to  the  binding  screws  at  the  ends  of  the  wire.  A  pair  of  iinpol.irisftble  electrodes 
are  connected,  one  with  .1  slider  moving  on  the  wire,  the  other  through  a  galvanometer 
with  one  of  tite  terminal  binding  screws.  In  the  Fig.  a  nerve  is  shown  on  the  elec- 
trodes, one  of  which  is  in  contact  with  an  uninjured  portion,  the  other  with  nn  injured 
part.  The  slider  is  moved  until  the  twig  of  the  compensating  current  ^mt  baJLu^CK^  ^!Nb 
demarcation  current  ol  the  nerve  and  the  gal%'anome\.CT  s\\o'«it.  no  4<:^ec.\ivaT\ . 


I 


with   a  great   number  of  turn] 

galvanometer,   is   suitable 
generally  used  in  elect ro-physio1| 
up  to  5  times  as  much. 

A  rbeocord  is  an  instrument 
divided,  and  a  definiie  portion  ol 


Fig.  i39l— DtAHRAM  (ty  a  simclk  i--obm 
OF  Capillakv  Electrometer. 

B.  pnrallcl-sidcd  ftlass  bolUe  coauioing 
sulphuric  nctd.  S :  Kg,  mercunr  In  glASS 
tube,  the  capillary  end  vi  which  projects 
into  B:  E.  E'.  ptiiiinum  Mires;  T,  tube 
hlled  with  mercury,  and  connecting  the 
capillitrv  wuh  a  pressure  bottle  ;  C,  aipil< 
lary  nutgnifipd. 

of  sealing-wax.  The  bottle  is  pc 
cent,  sulphuric  arid,  under  which 
a  small  pressure^rat 
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j>huric  add  receive  charges  at  their  surfaces  of  contact  in  the 
pillary  tube,  by  which  the  etjuilibrium  previously  existing  between 
the  three  surface-tensions  (between  mercury  and  glass,  between 
sulphuric  acid  and  glass,  between  sulphuric  acid  and  mercury)  and 
Ibe  hj-drostatic  pressure  of  the  mercur)*  is  disturbed,  and  the 
mercunal  meniscus  moves  along  the  capillary.  If  the  mercury  is 
connected  with  a  surface  at  a  higher  potential  than  that  in  con- 
nection with  the  sulphuric  acid,  the  meniscus  moves  towards  the 
lint  of  the  capillary,  and  7'/<v  jvrsa. 


1 1  consists  { 1 1  of  a  fmall 
Ubie  OiTryiag  a  pamllel- 
sidi-d  gloss  vcisel  con> 
Uining  mercury  niifi  sul- 
phunc  acid.  \a)  Thr 
capilbry  tube,  which  cnn 
be  moved  In  1*0  direc- 
tions ai  rtghi  nnglct  lo 
each  other,  and  to  ad- 
JQAtcd  in  tlic  (leld  of  the 
tnkroKopo.  (j)  A  pr«- 
siin*-vr-su.*l,  HRil  It  niiuio- 
mcicr  cotiDcctwi  with  it 
formcA^uringihf  prruurv. 
(4)  Two  bindini; -bcrrws 
cooncCt<!d  by  wire*  to  ihc 
mn-cury  in  the  cnpiilAty 
lube  and  in  the  parallel- 
tided  vatel.  The  hindinK- 
screwB  can  be  »hort-dr- 
cuited  by  dijsing  the 
friciioti'i.p>'  tbhown  at  th<r 
right  side  of  the  figure, 
Ibu  prcvtmiing    aoy  dif- 

^^m  I  ^^Bk^^^-^^^^^w  liorce  between  two  points 

^^h  <         H  n  ^^  connected  with  ihctcrtrwt 

^^V  B  II  ftiom  a/fecling  llircleclro- 

^V     fto.   IJOt— CAflU^AJtV   tLLECTHUHKTlUI    (ArTKX         'I*^^^- 

^H      VkcT;    Prtzold.    Leipzig),    aa   akranced 
^H     mm  iSoumisQ  ok  trk  Microscxipk  Stage. 

HP  bdaoMl  Otim&te. — \Mien  a  coil  of  wire  in  which  a  current  is 
Hiniog  is  brought  up  suddenly  to  another  coil,  a  momentary  current 
^Kdevdoped  in  the  stationary  coil  in  the  opposite  direction  to  that  in 
the  DMVing  coil.  Similarly,  if  instead  of  one  of  the  coils  being 
Aoved  a  current  is  sent  through  it,  while  the  other  coil  remains  at 
nttio  its  neighbourhood,  a  transient  oppositely-directed  current  is 
Kt^iin  the  latter.  When  the  current  m  the  first  coil  is  broken,  a 
oitnm  m  the  same  direction  is  induced  in  the  other  coiU 

Db  Bois-Beymond'i  Sledge  Inductoiiom  (Kig.  131). — This  consists 
of  two  coils,  the  pnmary  and  the  secondary,  the  former  having  a 
CMftiativeiy  small  number  of  turns  of  fairly  thick  copper  wire,  the 
Ivter  I  large  number  of  turns  of  thin  wire.  The  object  of  this  is 
*tiw  the  resistance  of  the  priinar}-,  which  is  connected  with  one  or 
*oit  vohak  cells,  may  not  cut  down  the  current  ton  much  ;  while 
ti^oirtcnts  induced  m  the  secondary,  having  a  high  eleclToroovi,st 
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force,  can  readily  (rass  through  a  high  resistance,  and  are  direct 
proportional  in  intensity  to  the  number  of  turns  of  the  wire. 

By  means  of  various  binding-screws  and  the  electro- nugnci 
interrupter,  or  Ncefs  hammer,  shown  in  the  6gurc  and  cxpUio 
below  it,  the  current  can  be  made  once  in  the  primary  or  brob 
once,  or  a  consunt  alternation  of  make  and  break  can  be  kept  u 
We  can  thus  get  a  single  make  or  break  shock  in  the  secoodaiy,  « 
series  of  shocks,  sometimes  called  an  interrupted  current.  Such 
series  of  stimuli  can  also  be  got  by  making  and  breaking  a  volti 
current  at  any  given  rate. 

A  'self-induced' current  can  also  be  obtained  from  a  single ccj 
for  instance,  from  the  primary  coil  alone  of  the  induction  apparatu 
The  reason  of  this  is,  that  when  a  current  begins  to  flow  through  « 
turn  of  a  coil  of  wire,  it  induces  in  all  the  other  turns  a  current  in  It 
opposite  direction,  and,  when  it  ceases  to  flow,  a  current  in  th 
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Fig.  131.— Dv  Bois*Revmond's  Inductokium. 
B,  pximajy,  B*.  secondRry.  coll ;  H.  eaktm  in  which  ft  slidw,  wiih  scale ;  D. « _ 
tnAffoei ;  E,  vibniiDg  spring  ;  1.  wirecoanectiDgwire  of  D  tocnd  of  pritrawxi  i>l 
with  platinum  point,  cotinecied  with  other  end  of  primarv ;  A,  A',  tumUag  la  ' 
which  are  ftttached  the  wirei  from  battoy.     A'  is  coniMcled  with  the  wire  of  the  1 
magDet  D,  iiad  through  it  and  i  with  the  primary. 

direction  as  itself.  The  former  current,  *tbe  make  extra  sfa(4^ 
being  in  the  opposite  direction  to  the  inducing  currt- nt,  is  retankdk! 
its  development,  and  reaches  its  maximum  more  slowly  than  tbebnAl 
extra  shock.  But,  as  we  shall  see,  the  suddenness  with  which* 
electrical  change  is  brought  about  is  one  of  the  most  important  ftdOB 
in  electrical  stimulation,  and,  therefore,  the  break  extra  shock  i»* 
much  more  powerful  stimulus  than  the  make.  Owing  iotlje5fri'*i 
induced  currents,  the  stimulating  power  of  a  voltaic  streafn  mif  t»  ' 
much  increased  by  putting  into  the  circuit  a  coil  of  wire  of  oo( » 
great  resistance. 

The  self-induction  of  the  primary  also  aflfects  the  stimulati" 
of  the  currents  induced  m  the  secondary  ;  the  shock  indu^ 
secondary  by  break  of  the  primary  current  is  a  stronger  ■ 
than  that  caused  ax  i«aV.e  of  the  primary.     The  reason  is  th.i 
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given  distance  of  primary  and  secondary,  and  a  given  intensity  of  the 
voltaic  current  in  the  primary,  the  abruptness  with  which  the  induced 
current  in  the  secondary  is  developed  depends  upon  the  rapidiiy 
with  which  the  primary  current  reaches  its  maximum  at  closing,  or 
its  minimum  (zero)  at  opening.  Now,  the  make  extra  current  retards 
the  development  of  the  primary  current,  while  in  the  oi>ened  circuit 
of  the  primary  coil  the  current  intensity  falls  at  once  lo  zero. 

The  inequality  between  the  make  and  break  shocks  of  the 
secondary  coil  can  be  greatly  reduced  by  means  of  Hclmholtz's  wire. 
Connect  one  pole  of  the  imllery  with  v  (Fig.  131),  and  the  other 
with  A'.  Join  A  and  A'  by  a  short,  thick  wire.  With  this  arrange- 
ment the  primary  circuit  is  never  opened,  but  the  current  is  alter- 
nately allowed  to  flow  through  the  primary,  and  short-circuited 
when  the  spring  touches  v.  The  '  make '  now  corresponds  to  the 
sudden  increase  of  intensity  of  the  current  in  the  primar>'  when  the 
short-circuit  is  removed,  and  the  '  break '  to  its  sudden  decrease 
when  the  short-circuit  is  established.      In  both  cases  self-induced 


A,  hook-shaped:    B.   U-tut»ci  :   C,  siniight.     D.  cUy  io  coaua  »ilh  tissue;   S, 
5atu^ltI^d  zinc  sulphate  solution  :  /,  amalgam<ttcd  utic  wire. 

currents  are  developed,  and,  therefore,  both  shocks  are  weakened. 
But  the  opening  stimulus  is  now  shghtly  the  weaker  of  the  two, 
because  the  opening  extra  shock  has  to  pass  through  a  smaller 
resistance  (the  short-circuit)  than  the  closing  extra  shock  (which 
passes  by  the  battery),  and  therefore  opposes  the  decline  of  current 
intensity  on  short-circuiting,  more  than  the  closing  shock  opposes 
the  increase  of  current  intensity  on  long-circuiting  through  the 
primary. 

By  means  of  wires  connected  with  the  terminals  of  the  secondary 
coil  and  leading  to  electrodes,  a  nerve  or  muscle  may  be  stimulated  ; 
and  it  is  usual  to  connect  the  wires  to  a  short-circuiting  key  (Fig. 
'^•l).  by  opening  which  the  induced  current  is  thrown  into  the  tissue 
10  be  stimulated.  For  some  purposes  the  electrodes  may  be  of 
platinum;  but  all  metals  in  contact  with  moist  tissues  become 
pobrized  when  currents  pass  through  them,  that  is,  have  decom- 
position products  of  the  electrolysis  of  the  tissues  deposited  on  them. 
And  as  any  slight  chemical  difference,  or  even  perhaps  a  difference 
of  physical  state,  between  the  two  electrodes  will  cause  them  and  the 
tissues  to  form  a  battery  evolving  a  continuous  current,  it  \%  oCltw. 
desirable  10  use  unpolarizahh  eUctrodti. 
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Uopolarizable  Electrodeft — Some  convenient  forms  of 
rcprcscnlcd  in  Fig.  1.53  A  piece  of  amalgamated  zinc  wire 
satuiaied  zinc  sulphate  solution  contained  in  the  upper  panof  a  glta 
tube.  The  lower  end  of  the  tube  may  be  straight  but  drawn  Oct  so 
as  to  terminate  in  a  not  ^-er^-  targe  opening,  or  it  may  be  bent  into  « 
hook,  in  the  bend  of  which  a  hole  is  made.  Before  the  tube  is 
hllcd  with  the  zinc  sulphate  solution,  the  tower  part  of  i^  is  plaggnl 
with  china  cby  made  up  with  normal  saline.  The  clay  just  projecu 
through  the  opening,  and  thus  comes  in  contact  with  the  tissue 
Ulien  these  electrodes  are  properU  set  up.  there  is  very  little  polaria- 
tion  for  several  hours,  but  for  lonj;  exiMjriments,  U-shaped  tubes,  filled 
with  saturated  zinc  sulphate  solution,  arc  belter.  The  amalgamated 
/iitc  dips  into  one  limb,  and  a  small  glass  tube  filled  with  cb). on 
which  the  tissue  i^  bid,  into  the  other. 

PoU's  Oommutator  (Kig.  133)  consists  of  a  block  of  paraffin  or 
wood  with  six  mercur)'  cups,  each  in  connection  with  a  binding-sact 
(not  shown  in  the  figure).     Cups  1  and  6,  and  2  and  5  are  connectd 

by  copper  wires,  which  cross  each  odw 
without  touching.  The  bridge  consists 
of  a  glass  or  vulcanite  cross-piece  «,  to 
w  hirh  arc  attached  two  ¥rires  bent  ii 
semicircles,  each  connected  with 
straight  wire  dipping  into  the  cuj 
and  4  respectively.  \\*ith  the  bridi 
the  position  shown  in  the  figure,  > 
current  coming  in  at  4  would  p2»  qui 
by  the  wire  connected  with  i.  and  hock 
again  by  that  connected  with  2,  in  tht 
direction  shown  by  the  arrows.  When 
the  bridge  is  rocked  to  the  other  side  so  that  the  bent  wir«s  dip  into 
5  and  6,  the  direction  of  the  current  is  reversed-  The  crosvwuti 
may  be  taken  out  altogether,  and  the  commutator  used  to  sci>d  a 
current  at  will  through  either  of  t«ro  circuits,  one  connected  mth 
I  and  2,  and  the  other  with  5  and  6. 

Du  Bois-Beymond's  Shortclrctutin^  Key. — A  cheap  and  convtnient 
form  is  shown  in  Fig.  1 54. 

Time-Marken— Electric  Signal— It  is  of  importance  to  knoirilw 
time  rclationsof  many  physiological  phenomena  which  are  graphicallr 
ret:orded  ;  for  example,  the  contraaion  of  a  skeletal  muscle  or  the 
beat  of  a  heart.  For  this  purpose  a  tracing  showing  the  spetd  of 
the  travelling-surface  in  a  given  time  Ls  often  taken  simuluneousif 
with  the  record  of  the  movement  under  investigation.  For  a  slowly 
moving  surface  it  is  sufficient  to  mark  intervals  of  one  or  two  seoomUi 
and  this  is  very  readily  done  by  connecting  an  elect ro-majtneW 
marker  (such  as  the  electric  signal  of  Depre/)  with  a  circuit  which  is 
closed  and  broken  by  the  seconds'  pendulum  of  an  ordinarj"  1  lock 
(Fig.  135)  or  a  metronome  (Fig.  51,  p.  144).  For  shorter  \t\\&^ 
a  tuning-fork  is  used,  which  makes  and  breaks  a  circuit  includirHf"' 
electro-magnetic  marker,  or  writes  on  the  drum  directly  by  means  o^ 
a  wrifing-jwini  attached  to  oi\e  of  the  prongs. 
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In  all  the  great  functions  of  the  body  we  find  that  muscular 
movements  play  an  essential  part.  The  circulation  and  the 
respiration,  the  two  functions  most  immediately  essential  to 

klife,  are  kept  up  by  the  contraction  and  relaxation  of  muscles. 
The  movements  of  the  digestive  canal,  the  regulation  of  the 
blood-supply  to  its  glands  and  to  all  parts  of  the  body,  and 
that  immense  class  of  movements  which  we  call  voluntary, 
are  all  dependent  upon  muscular  action,  which,  again,  is 
indebted  for  its  initiation,  continuance,  or  control,  to 
impulses  passing  along  the  nerves  from  the  nerve-centres. 
Hitherto  we   have  not   gone  below  the  surface  fact,  that 
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Arrangement  for  marking  a"  toten-aU. 
r>,  seconds  pendulum,  wilh  pUtinuRl 
point  EsoWered  on;  A.  mercury  irough, 
into  which  {£  dips  at  end  of  its  Bwing: 
B,  Daniell  cell ;  C,  elect ro-iriaf>oei9, 
which  draw  down  x^riiinir  lever  F  »hea 
ihc  current  is  closed  by  K  dippJog  iato 
A  ;  G,  spring  (or  piece  of  indiarubber), 
which  raises  F  ns  soon  us  curreni  is 
broken. 


muscular  fibres  have  the  power  of  contracting,  either  auto- 
matically, or  in  response  to  suitable  stimuli.  In  this  chapter 
and  the  two  next  we  shall  consider  in  detail  the  general 
;)roperties  of  muscle,  nerve,  and  the  other  excitable  tissues. 
Lying  deeper  than  the  peculiarities  of  individual  muscles, 
'muscular  tissue  has  certain  common  properties,  physical, 
chemical,  and  physiological.  The  biceps  muscle  tiexes  the 
I  arm  upon  the  elbow,  and  the  triceps  extends  it.  The 
!  external  rectus  rotates  the  eyeball  outwards.  The  inter- 
^^costal  muscles  elevate  the  ribs.  The  sphincter  ani  seals  up 
^Hby  a  ring-like  contraction  the  lower  eT\d  o^  VVt  ^Owcvt^vax^ 
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canal.  These  actions  are  very  different,  but  the  mascles 
that  carr)'  them  out  arc  at  bottom  very  similar.  And  il 
cannot  be  doubted  that  the  functional  differences  are  due 
entirely,  or  almost  entirely,  to  differences  of  anatomical  con- 
nection, on  the  one  hand  with  bones  and  tendons,  on  the 
other  with  the  nerve-cells  of  the  spinal  cord  and  brain. 
The  common  properties  in  which  all  the  skeletal  mascles 
agree  are  the  subject-matter  of  the  general  physiologj'  of 
striated  muscle. 

The  cardiac  muscle  differs  more,  both  in  structure  and  in 
function,  from  the  skeletal  muscles  than  these  do  among 
themselves  ;  the  smooth  muscle  of  the  intestines  and  blood- 
vessels still  more.  But  every  muscular  fibre,  striped  or 
unstriped,  resembles  everj*  other  muscular  fibre  more  thin 
it  does  a  nerve-fibre  or  a  gland-cell  or  an  epithelial  scale. 
The  properties  common  to  all  muscle  make  up  the  general 
physiology  of  muscular  tissue. 

A  nerve-fibre  is  at  first  sight  very  different  from  a  muscuUr 
fibre.  It  has  diverged  more  widely  from  the  primitive  tj^e 
of  undifferentiated  protoplasm.  It  has  lost  the  power  of 
contraction,  or  coutraciility,  but  it  retains,  in  common  willi 
the  muscte-fibre,  susceptibility  to  stimulation,  or  excitability, 
the  capacity  for  growtJt,  and  to  a  limited  extent  the  capaotf 
for  reproduction.  This  inheritance  of  primitive  propertiei, 
retained  alike  by  both  tissues,  is  the  basis  of  the  gentnl 
physiology  of  muscle  and  nerve. 

The  electrical  organ  of  the  torpedo  or  the  Malapteruna 
is  intermediate  in  some  respects  between  muscle  and  nervj 
and  has  properties  common  to  both. 

In  the  gland-cell  the  chemical  powers  of  native 
plasm  have  been  specialiied  and  developed.  Contractility 
has  been,  in  general,  entirety  lost ;  but  excitability  remaiBS' 
The  properties  shared  in  common  by  muscle,  nerve,  electric*! 
organ,  gland,  and  certain  other  structures,  make  up  the 
general  physiology  of  the  excitable  tissues. 

Amceboid  movement  is  the  most  primitive,  the  \oi^ 
elaborated  form  of  contraction. 

An  amceba  may  be  seen  under  the  microscope  to  send  o<rt 
pseudopodia,  or  processes,  of  its  substance  and  to  reUarf 
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them,  and  it  is  even  able  by  such  movements  to  change  its 
place.  Stimulation  with  induction  shocks  causes  the  whole 
of  the  processes  to  be  drawn  in,  and  the  amoeba  to  gather 
itself  into  a  ball.  This  illustrates  a  universal  property  of 
protoplasm,  excitability^  or  the  power  of  responding  to  certain 
external  influences,  or  stimuli,  by  manifestations  of  the 
peculiar  kind  which  we  distinguish  as  vital  or  physiological. 
Certain  of  the  white  blood-corpuscles  behave  like  the  amoeba ; 
and  we  have  already  dwelt  upon  some  of  the  important 
functions  fulfilled  by  such  amoeboid  movement  in  the  higher 
animals  and  in  man.  But  a  great  distinction  between  this 
kind  of  contraction  and  that  of  a  muscular  fibre  is  that  it 
takes  place  in  any  direction. 

Cilia. — Cilia  possess  a  higher  and  more  specialised  grade 
of  contractility.  They  are  very  widely  distributed  in  the 
animal  kingdom  ;  and  analogous  structures  are  also  found  in 
many  low  plants,  such  as  the  motile  bacteria. 

In  the  human  subject  ciliated  epithelium  usually  con- 
sists of  several  layers  of  cells,  the  most  superficial  of  which 
are  pear-shaped,  the  broad  end  being  next  the  surface  and 
covered  with  extremely  fine  processes,  or  cilia,  about  8/* 
in  length,  which  are  planted  on  a  clear  band.  It  lines  the 
respiratory  passages,  the  middle  ear  and  Eustachian  tube, 
the  Fallopian  tubes,  the  uterus  above  the  middle  of  the 
cervix,  the  epididymis,  where  the  cilia  are  extremely  long, 
and  the  central  cavity  of  the  brain  and  spinal  cord. 

Ciliary  motion  can  be  very  readily  studied  by  placing  a 
scraping  from  the  palate  of  a  frog,  or  a  small  portion  of  the 
gill  of  a  fresh-water  mussel  under  the  microscope  in  a  drop 
of  normal  saline  solution.  The  motion  of  the  cilia  is  at 
first  so  rapid  that  it  is  impossible  to  make  out  much, 
except  that  a  stream  of  liquid,  recognised  by  the  solid 
particles  in  it,  is  seen  to  be  driven  by  them  in  a  constant 
direction  along  the  ciliated  edge.  When  the  motion  has 
become  less  quick,  which  it  soon  does  if  the  tissue  is  deprived 
of  oxygen,  it  is  seen  to  consist  in  a  swift  bending  of  the  cilia 
in  the  direction  of  the  stream,  followed  by  a  slower  recoil 
to  the  original  position,  which  is  not  at  right  angles  to  the 
surface,  but  sloping  streamwards.     All  the  c\U^  wv  ^\.raj:X 
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of  cells  do  not  move  at  the  same  time ;  the  motion  spread 
from  cell  to  cell  in  a  regular  wave.  The  energj-  of  ciliary 
motion  may  be  considerable,  although  far  inferior  to  that 
of  muscular  contraction.  The  work  which  cilia  are  capable 
of  performing  can  be  calculated  by  removing  the  membrane. 
fixing  it  on  a  plate  of  glass,  cilia  outwards,  putting  weigbH| 
on  the  glass  plate,  and  allowing  the  cilia,  like  an  immense 
number  of  feet,  to  carry  it  up  an  inclined  plane.  Bowditch 
found  in  this  \vay  that  the  cilia  on  a  square  centimetre  of 
mucous  membrane  did  nearly  7  gramme-millimetres  of  wort 
per  minute  (equal  to  the  raising  of  7  grammes  to  a  heigh^ 
of  a  millimetre).  Hi 

Since  the  cilia  in  the  respiratory*  tract  all  lash  upward?, 
they  must  play  an  important  part  in  carrjnng  up  forei^ 
particles  taken  in  with  the  air,  and  the  mucus  in  which  1 
they  are  entangled,  as  well  as  pathological  products. 
Engelmann  found  that  the  energy-  of  ciliar)*  motion  increases 
as  the  temperature  is  raised  up  to  about  40'  C.,  after  whidi 
it  diminishes  quickly.  Overheating  causes  cilia  to  come  to 
rest,  but  if  the  temperature  has  not  been  too  high,  and  has 
not  acted  too  long,  they  recover  on  cooling. 

Stractore  of  XoBcle. — The  structure  of  striped  muscle  has 
long  been  the  enigma  of  histology ;  and  the  labours  of  many 
distinguished  men  have  not  sufficed  to  make  it  clear.  Oo 
the  contrary,  as  investigations  have  multiplied,  new  theories, 
new  interpretations  of  what  is  to  be  seen,  have  multiplied  i" 
proportion,  and  a  resolute  brevity  has  become  the  chief  duty 
of  a  writer  on  elementary  physiology  in  regard  to  the  whote 
question. 

The  muscle-fibre,  the  unit  out  of  which  the  anatomical 
muscle  is  built  up,  is  surrounded  by  a  structureless  mt^' 
brane,  the  sarcolcmma.     The  length  and  breadth  of  a  fib^ 
vary  greatly  in  different  situations.     The  maximum  leng^* 
is  about  4  cm. ;  the  breadth  may  be  as  much  as  70  ^  ^^  ^\ 
little  as   10  ^.     The  fibre  shows  alternate  light  and  d»^*^ 
stripes,  the  latter  being  doubly,  the  former  only  singly,  r^ 
fractive  (p.  485),     As  to  the  interpretation  of  this  appearand 
there  has  been  much  discussion.     It  was  supposed  by  son^ 
that  a  membrane  (Krause's  membrane;  stretched  across 
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fibre  in  the  middle  of  each  tight  disc,  dividing  it  into  a 
number  of  compartments.  Kiihne,  however,  was  fortunate 
enough  to  find  one  day  a  nematode  worm  in  the  interior  of 
a  fibre.  He  followed  its  movements,  and  saw  it  pass  along 
the  fibre  with  perfect  freedom,  ignoring  Krause's  membrane ; 
so  that  if  such  a  partition  exists,  it  must  either  be  incomplete, 
or  much  more  easily  ruptured  than  the  sarcolemma. 

As  to  the  nature  of  the  contents  of  the  sarcolemma, 
Bowman  described  the  dark  disc  as  being  composed  of 
sarcous  elements  or  prisms  of  contractile  substance.  Schafer 
has  recently  described  the  contractile  elements  as  fine  columns 
(sarcostyles)  divided  by  septa  into  segments  (sarcomeres). 
Each  sarcomere  contains  a  sarcous  element  with  a  clear  fluid 
at  its  ends,  which  produces  the  appearance  of  the  light  stripe. 
During  contraction  this  fluid  is  squeezed  into  fine  longi- 
tudinal canals,  which  pierce  the  sarcous  elements.  Other 
observers,  using  chloride  of  gold  as  a  stain,  have  asserted 
that  an  apparent  network,  brought  out  by  that  reagent, 
and  which  is  stated  to  be  connected  with  the  nuclei  or 
muscle-corpuscles,  is  the  contractile  part  of  the  fibre.  But 
this  view  has  met  with  great  opposition  ;  and  the  substance 
stained  by  the  gold  is  probably  only  interstitial  material.  On 
the  whole,  it  seems  to  be  clearly  made  out  that  the  contents 
of  the  muscle-fibre  consist  of  two  functionally  different  sub- 
stances, a  contractile  substance,  and  an  Interstitial,  perhaps 
nutritive,  non-contractile  material  of  more  fluid  nature.  The 
contractile  substance  is  arranged  as  longitudinal  fibrill^  (sar- 
costyles) embedded  in  interfibrillar  matter  (sarcoplasm). 

Smooth  muscle-fibres  are  spindle-shaped,  and,  unlike  the 
fibres  of  striped  muscle,  contain  only  a  single  nucleus. 
Cardiac  muscle  has  been  already  described  (p  56). 

Nearly  all  our  knowledge  of  the  physiology  of  muscle  has 
been  gained  either  from  striped  skeletal  muscle  or  from  the 
muscle  of  the  heart,  and  chiefly  from  the  former.  Of  non- 
striped  muscle  we  know  comparatively  little  except  by  in- 
ference, owing  to  the  difficulty  of  obtaining  it  in  suflicient 
quantity  and  in  suitable  preparations  for  experiments. 

In  what  follows  we  always  refer  to  ordinary  skeletal 
muscle,  unless  it  is  otherwise  stated. 
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Phytioal  Propertiet  of  Hiuele — ELutioity. — AH  bodi 
have  their  shape  or  volume  altered  by  the  application  of 
force.  Some  require  a  large  force,  others  a  small  force,  to 
produce  a  sensible  amount  of  distortion.  The  elasticit)-  of 
a  body  is  the  property  in  virtue  of  which  it  tends  to  recover 
its  original  form  or  bulk  when  these  have  been  altered. 
Liquids  and  gases  have  only  elasticity  of  volume:  solids 
have  also  elasticity  of  form.  Most  solids  recover  perfectly, 
or  almost  perfectly,  from  a  slight  deformation.  The  limits 
of  distortion  within  which  this  occurs  are  called  the  limiB 
of  elasticity,  and  they  vary  greatly  for  different  substancet 
Living  muscle  has  very  wide  limits  of  elasticity  ;  it  maybe 
deformed— stretched,  for  example — to  a  \cvy  considerable 
extent,  and  yet  recover  its  original  length  when  the  stretchy 
ing  force  ceases  to  act.  fl 

The  extensibility  of  a  body  is  measured  by  the  ratio  of  tbT 
increase  of   length,  produced  by  unit  stretching  force  pef 
unit  of  area  of  the  cross-section,  to  the  original  length  ofj^ 
uniform  rod  of  the  substance. 

If  e  is  the  extensibility,  ^=  ,  p  where  /  is  the  increase  of  l 

L  the  onginal  length,  s  the  cross- section,  and  K  the  stretching 

The  reciprocal  of  this,    .  '  is  called  Young's  modulus  of  dastidtjt 

or  the  CO  efficient  of  elasticity.     Suppose  we  wish  to  compare  the  » 

tensibility  of  two  substances.     Let  A  and  B  be  strips  or  rods  of  tk* 

substances,  the  length  of  A  being  500  mm.,  that  of  B   1.000  mtr  : 

the  cross-section  of  A,  100  sq.  mm.,  of  B,  200  sq.  mm.    I^  thceloi* 

gaiion  produced  by  a  weight  of  i  kilo  be  10  mm.  in  each.    Then  the 

...,.       ,   ,   .    10x100  ,    ,        ._.    10x200 

extensibility  of  A  is  -     —       =3;   and  that  of  B  is       —  -  »i, 
'  500 X  X  ' 

that  is,  the  substances  are  equally  extensible. 


1 ,000  X  J 


Living  muscle  is  very  extensible  ;  a  small  force  per  unit 
area  of  cross-section  of  a  prism  of  it  will  produce  a  com- 
paratively great  elongation.  The  extensibility,  however, 
diminishes  continually  with  the  elongation,  so  that  equ*! 
increments  of  stretching  force  produce  always  less  and  less 
extension.  If,  for  instance,  the  sartorius  or  semimein' 
branosus  of  a  frog  be  connected  with  a  lever  writing  00* 
blackened  surface,  and  weights  increasing  by  equal  amonnj 


AfaSCLl', 


479 


L 


be  successively  attached  to  it,  the  recording  surface  being 
allowed  to  move  the  same  distance  after  the  addition  of 
each  weight,  a  series  of  vertical  lines,  representing  the 
amount  of  each  elongation,  will  be  traced.  When  the  lower 
ends  of  all  the  vertical  lines  are  joined  by  a  smooth  curve, 
it  is  found  to  be  a  hyperbola  with  the  concavity  upwards 
(Fig.  136).  This  is  a  propertj'  common  to  living  and  dead 
muscle  and  to  other  animal  structures,  such  as  arteries. 
Marey's  method,  in  which  the  weight  is  continuously  in- 
creased from  zero  and  then  continuously  decreased  to  zero 
again  by  the  flow  of  mercury  into  and  out  of  a  vessel 
attached  to  the  muscle,  gives  directly  the  hyperbolic  curve 
of  extensibility. 

The  elongation  of  a  steel  rod  or  other  inorganic  solid  is 
proportional  within  limits  to  the  extending  force  per  unit  of 
cross-section;  and  a  cur\'e plotted 
with  the  weights  for  abscissae  and 
the  amounts  of  elongation  for 
ordinates  would  be  a  straight  line. 
But  this  is  not  a  fundamental 
distinction  between  animal  tissues, 
and  the  materials  of  unorganized 
nature,  as  some  writers  seem  to 
suppose.  For  when  the  slow  after- 
elongation  which  follows  the  first 
rapid  increase  in  length  in  the 
loaded,  excised  muscle  is  waited 
for.  the  curve  of  extensibility  comes  out  a  straight  line  (Wundt). 
and  within  limits  this  is  also  the  case  for  human  muscles  in 
the  intact  body.  And  although  a  steel  rod  much  more 
quickly  reaches  its  maximum  elongation  for  a  given  weight 
when  loaded,  and  its  original  length  when  the  weight  is 
removed,  than  does  a  muscle,  time  is  required  in  both  cases 
and  the  difference  is  one  of  degree  rather  than  of  kind. 

Dead  muscle  is  less  extensible  and  much  less  elastic  than 
living.  In  the  state  of  contraction  the  extensibility  is  in- 
creased in  frog*s  muscle ;  but  Donders  and  Van  Mansveldt 
have  found  that  contraction  causes  little  difference  in  the 
muscles  of  a  living  man,  although  fatigue  increases  \.Vvft  tv.- 


Flt;.    136.— CLltVES  OK   ExTEKSl- 
BILITV. 

M.  of  muKle  ;  S,  of  an  ordinMry 

inor^nlc  solid. 
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tensibility.    The  great  extensibility  and  elasticity  of  mascle 
must  play  a  considerable  part  in  determining  the  calibre  of 
the  vessels,  and  in  lessening  the  shocks  and  strains  which 
the  heart  and  the  vascular  system  in  j^eneral  are  called  upon 
to  bear,   and   must   contribute   much    to   the  smoothness 
with  which  the  movements  of  the  skeleton  are  carried  out, 
and  immensely  reduce  the  risk  of  injury  to  the  bones  as 
well  as  to  the  muscles  themselves,  the  tendons  and  the  other 
soft   tissues.      And    not   only   is    smoothness   gained,  but 
economy  also ;  for  a  portion  of   the   energy  of  a  suddeo 
contraction,  which,  if  the  muscles  were  less  extensible  and 
elastic,  might    be  wasted  as    heat  in  the  jarring  of  boDC 
against  bone  at  the  joints,  is  stored  up  in  the  stretched 
muscle  and  again  given  out  in  its  elastic  recoil.    The  skeletal 
muscles,  too,  are  even  at  rest  kept  slightly  on  the  sueich, 
braced  up»  as  it  were,  and  ready  to  act  at  a  moment's  notice 
without  taking  in  slack.     This  is  shown  by  the  fact  that  « 
transverse  wound  in  a  muscle  *  gapes/  the  fibres  being  re 
tracted»  in  virtue  of  their  elasticity,  towards  the  fixed  point 
rof  origin  and  insertion. 

If  a  muscle  is  so  overweighted  that  it  cannot  contract,  i 
elongates  slightly  on  stimulation  (Wundt),  This  has  b; 
some  been  held  to  indicate  that  the  increase  of  extensibilit; 
associated  with  contraction  still  occurs  in  the  excited 
when  actual  contraction  is  mechanically  prevented. 

In  the  further  study  of  muscle  it  is  necessary  first  of ; 
to  consider  the  means  we  have  of  calling  forth  a  contra 
— in  other  words,  the  various  kinds  of  stimuli. 

Stimulation  of  Musole.  —  A  muscle  may  be  excited  of 
stimulated  either  directly  or  through  its  motor  nerve;  and 
the  stimulus  may  be  electrical,  mechanical,  chemical,  ot 
thermal.  Electrical  stimuli  arc  by  far  the  most  commonly 
used,  and  will  be  discussed  in  detail.  A  prick,  a  cut,  (?r  * 
blow  are  examples  of  mechanical  stimuli.  A  fairly  strong 
solution  of  common  salt  or  a  dilute  solution  of  a  mineral 
acid  will  act  as  chemical  stimuli,  which  always  tend  to 
cause,  not  a  single  contraction,  but  a  tetanus.  Suddeo 
cooling  or  heating  acts  as  a  stimulus  for  muscle,  but  therm*' 
stimulation  is  somewhat  uncertain.     In  all  artificial  stimuli* 


racjil 


B^nef^safraemeDt  of  sudden  or  abrupt  change,  of  shock, 
rfa  other  words  ;  but  we  cannot  tell  in  what  the  '  natural ' 
or '  physiological '  stimulus  to  muscular  contraction  in  the 
iDiact  body  really  consists,  nor  how  it  differs  from  artificial 
stimuli.  All  we  know  is  that  there  must  be  a  wide  difference, 
aad  that  our  methods  of  excitation  must  be  very  crude  and 
inexact  imitations  of  the  natural  process. 

Direct  Exoitability  of  Muscle. — The  famous  controversy  on 

the  existence   of   'independent    muscular   irritability*   has 

passed    into    oblivion,   and    has   no  further   interest 

Sicept  for  the  antiquaries  of  science,  if  such   exist.     The 

excitability  of  muscle  in  the  modern  sense  is  very 

ereat  from  the  question  which  occupied  Haller  and  his 

otcmporaries.     What  the  modern  physiologists  have  been 

|(alled  upon  to  decide  is  whether  muscular  fibres  can  be 

aosed  to   contract  except  by  an  excitation   that  reaches 

em  through  their  nerves.     In  this  sense  there  can  exist 

|bo  doabt  that  muscle  is  directly  excitable,  and  the  proofs 

!  fts  follows : 

(I)  The  ends  of  the  frog's  sartorius  contain  no  nerves,  the 
Jtpexof  the  frog's  heart  contains  neither  nerves  nor  nerve- 
cells,  yet  both  respond  to  direct  stimulation.     (2)  Certain 
LCkmical   stimuli — ammonia,  for   instance — do  not   act   on 
Derve,  but  excite  muscle.     (3)  When  the  motor  nerves  of  a 
ob  are  cut   they  degenerate,   and   after   a   certain   time 
simulation  of  the  nerve-trunk  causes  no  muscular  contrac- 
^ioo,  while  the  muscles,  although  atrophied,  can  be  made  to 
oniiact  by  direct  stimulation.     (4)  Finally,  there   is  the 
rcelebrated  curara  experiment  of  Claude  Bernard,  which  is 
fc<fcscribed  in  a  somewhat  modified   form  in  the   Practical 
Swrcises,  p.  543,     A  ligature  is  tied  firmly  round  one  thigh 
'a  frogr  omitting  the  sciatic  nerve  ;  then  curara  is  injected, 
Id  in  a  short   time   the  skeletal   muscles  are  paralyzed. 
*hat  the  seat  of  the  paralysis  is  not  the  muscles  themselves 
'9  shown  by  their  vigorous  response  to  direct  stimulation. 
The 'block'  is  not  in  the  nerve-trunk,  nor  above  it  in  the 
central    nervous  system,   for    the    ligatured    leg    is    often 
drawn  up — that  is,  its  muscles  are  contracted,  although  the 
P<»son  has  circulated  freely  in  the  sacral  plexus  and  tbc 
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spinal  cord.  Further,  if  the  nerve  of  the  ligatured  leg  be 
prepared  as  high  up  above  the  ligature  as  possible,  whert 
the  curara  must  undoubtedly  have  reached  it  (just  above  the 
hgature  the  nerve  has  been  isolated  and  the  circulation  in  rl 
more  or  less  interrupted),  stimulation  of  it  will  cause  con- 
traction of  the  muscles  of  the  limb ;  while  excitation  of  the 
other  sciatic  is  ineffective. 

It  can  be  also  shown,  by  means  of  the  negative  variation 
or  current  of  action  (p.  557),  that  a  nerve-trunk  on  which 
curara  has  acted  remains  excitable,  and  capable  of  conduct- 


KiG.  137.— Tonic  CoMJtAciioN  of  Musile.  dlicixc  fAssAoc  ciF  OosnA*'' 

Cl-KBtNT. 
Two  nrtorius  mutclcs  of  fro{;  connected  by  pelvic  attxchmcnif.  '  '* 

small  DanJcll  cells  in  series  pa&ied  ihrough  thrir  whole  length,     Carr 
opened  at  b.     TItnc  trace,  two-second  iDtcrvjiIs. 

ing  the  nerve-impulse.  The  conclusion,  therefore,  is  that 
the  curara  paralyzes  neither  nerve-fibre  nor  muscular  fibre, 
but  the  link  between  the  two  which  we  call  the  ncm- 
cnding.  In  coming  to  this  conclusion,  the  assumption  is 
made  that  the  nerve-fibres  within  the  muscle,  since  they  arc 
anatomically  similar  to  those  in  the  nerve-trunk  till  near 
their  terminations,  are  similarly  affected  by  curara-  \Vc 
must  carefully  remember  that  the  *  nerve-endings*  which 
are  paralyzed  by  curara  do  not  necessarily,  nor  even  pro- 
bably, coincide  exactly  with  the  '  ner\'e-endings'  of  histolog)- 
Still,  it  is  significant  that  the  histological  differences  between 
the  nerve-terminations  in  striped  and  smooth  muscle  shou'J 
correspond   to  a  physiological  difference  in  the  action  o( 
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carara  on  them.  This  drug  paralyzes  the  nerve-endings 
in  smooth  muscle  —  the  muscles  of  the  bronchi,  for  in- 
stance— with  much  greater  difficulty  than  those  in  ordinary 
skeletal  muscle,  and  the  same  is  truu  of  the  vagus-endings 
in  the  heart. 

The  action  of  curara  gives  us  the  means  of  stimulating 
muscle  directly ;  when  electrical  currents  are  sent  through 
a  non-curarized  muscle,  there  is  in  general  a  mixture  of 
direct  and  indirect  stimulation,  for  the  nervc-fibrcs  within 
the  muscle  are  also  excited.  Induced  currents  stimulate 
nerve  more  readily  than  muscle.  Voltaic  currents  may 
excite  a  muscle  whose  nerves  have  degenerated,  while 
induced  currents  arc  entirely  without  effect. 

For  direct  stimulation,  a  curarizcd  frog's  sartorius  or 
semi-membranosus  is  generally  used  on  account  of  their 
Jong  parallel  fibres  :  for  indirect  excitation,  a  muscle-nen-e 


Curve  from 
frog's  gaslroc' 
rrnmn.  M  M 
constarjl  ciir- 
reiil  closed,  a 
Ft  broken. 
Conlraciure 
('.  o  n  1 1  n  11  c  a 
aficr  opening 
of  curren  t. 
Titiie  trace, 
( wo-»ecDnd 
Liitervalii. 


I-'iti.  133.— Tunic  CoxruAcnuN  uinixt;  a-nu  aftiui  t'LOw. 

preparation,  composed  of  a  frog's  gastrocnemius  with  the 
sciatic  nerve  attached  to  it,  is  commonly  employed,  as  it  is 
easy  to  isolate  the  muscle  without  hurting  its  nerve. 

Stimulation  by  the  Voltaic  Cxirrent.— While  the  current  con- 
tinues to  pass  through  a  nerve  without  any  sudden  or  great 
change  in  its  intensity,  there  is  no  stimulation,  and  the 
muscle  connected  with  the  nerve  remains  at  rest.  The  same 
is  generally  true  of  muscle  when  the  current  is  passed 
directly  through  it.     But  here  the  cotistancy  o^  \\ve.  \>Ae.\^ 
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far  more  frequently  broken  by  exceptional  results  than  m 
nerve,  especially  if  the  current  is  at  all  strong,  when  a  state 
of  tetanus  is  very  apt  to  show  itself  during  the  whole  time 
of  flow  (Wundt)  (Fig.  138) ;  and  a  similar  condition,  tk 
sO'Called  gahanototiust  is  normally  seen  in  human  muscles 
when  traversed  by  a  stream  of  considerable  intensity. 

For  nerve,  and  with  these  qualifications  for  muscle,  too, 
we  may  lay  down  the  law  that  the  voltaic  current  stitmtlaUi 
at  make  and  at  break,  but  not  during  its  passage.  Or, 
l^neralizing  this  a  little,  since  it  has  been  shown  that  i 
sudden  increase  or  decrease  in  the  strength  of  a  current 
already  flowing  also  acts  as  a  stimulus,  we  may  say  that  iht 
voltaic  current  stimulates  only  wlun  its  intensity  is  suddenly  anS 
sufficiently  increased  or  diminished^  but  not  white  if  Mmatw  j 
constant.  1 

A  second  law  of  great  theoretical  importance  iS  that  J- 
make  the  stimulation  occurs  only  at  ike  cathode;  ai  break  tmh  J' 
the  anode .-  and  that  the  make  is  stronger  than  iki  break  ccmtu^- 
lion.    This  is  true  both  for  muscle  and  ner\'e,  but  it  is  mo?i   ! 
directly  and    simply  demonstrated    on    muscle.     A  Ion?   I 
parallel-fibred    curariied    muscle    is    supported    about  its  I 
middle ;   the  two  ends,  which  hang  down,  are  connected 
with  levers  writing  on  a  revolving  drum,  and  a  current  i* 
sent  longitudinally  through  the  muscle.     It  is  not  difBcult 
to  see  from  the  tracings  that  at  make  the  lever  attached  t° 
the  cathodic  end  moves  first,  and  that  the  other  le^-eronlv 
moves   when   the   contraction   started   at  the  cathode  ha-*^ 
had   time   to   reach   it   in   its   progress   along  the  masclc^ 
Similarly,  at  break  the  lever  connected  with  the  anodic  en" 
moves  first. 

The  Muscular  Contraction. — When  a  muscle  contracts,  it- 
two  points  of  attachment,  or,  if  it  be  isolated,  its  two  ends. 
come  nearer  to  each  other;  and  in  exact  proportion  tolh»* 
shortening  is  the  increase  in  the  average  cross-section,  Th^ 
contraction  is  essentially  a  change  of  form,  not  a  change  t^' 
volume.  The  most  delicate  observations  fail  to  detect  the'' 
smallest  alteration  in  bulk  (Ewald).  Living  fibres  )t-^^ 
contracted  by  successive  stimuli  can  be  examined  under  the 
microscope ;  or  fibres  may  be  '  fixed  '  by  reagents  like  ostnii 
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acid,  and  sometimes  a  very  good  opportunity  of  studying  the 
microscopic  changes  in  contraction  is  given  by  a  group  of 
fibres  in  which  the  'fixing'  reagent  has  caught  a  wave  of 
contraction,  and,  so  to  speak,  pinned  it  down.  It  is  then 
seen  that  the  process  of  contraction  in  the  fibre  is  a 
miniature  of  that  in  the  anatomical  muscle.  The  individual 
fibres  shorten  and  thicken,  and  the  sum-total  of  this  shorten- 
ing and  thickening  is  the  muscular  contraction  which  we  see 
with  the  naked  eye.  The  phenomena  of  the  muscular 
contraction  may  be  classified  thus :  (i)  Optical,  (2)  Me- 
chanical, (3)  Thermal,  (4)  Chemical,  (5)  Sonorous,  (6)  Elec- 
trical. 


Fig.    139.  —  Diagram  of 

STKIl>tI>   MUSCLK. 

Here  a  musculAT  fibre  ik  sup- 
posed to  be  6xim1  in  conlraction 
■t  one  paui  C.  The  fi^iin:  is 
oaly  a  roueh  clia({ran).  llm  left 
hiind  half  ii  supposed  lo  be 
looked  at  in  ordinnry,  and  the 
rigbi  hand  half  in  polnriscd  light. 
A  it  the  dim  and  B  the  light 
ainpe  of  the  unconiraclcd  fibic. 


Kio,    140.— Living   Musculah    Fibke 

GEOTRUPE&  STEACG&ARIUS). 

I.  In  ordinary :  a.  in  poUtrl&ed  IrghL  (Van 
Girhuchica.)  In  living  muscle  (at  lenst  id  fibres 
which  arc  not  extended^  in  contmsl  to  dead  rousde 
after  treatment  wah  reiu!eni»,  the  doubly  refract- 
ing or  naisotrapous  suUunce  is  present  in  the 
l^Tcaler  part  of  the  fibre ;  and  with  crossed  nicols 
the  ]Xi&iLion  of  tbu  singly  refracting  or  isutropotis 
material  is  indicated  only  by  narrow  iransvme 
black  lines  or  rows  of  dark  dots. 


(i)  Optical  Phenomena. — The  shortening  occurs  in  both 
stripes,  and  their  appearance  changes,  chiefly  through  the 
increasing  dimness  of  the  light  disc,  so  that  what  is  the 
lighter  in  the  relaxed  becomes  the  darker  in  the  contracted 
fibre.  This  curious  phenomenon  is  known  as  the  Yivtf&ai 
of  the  stripes.  That  the  doubly  refractive  substance,  how- 
ever, does  not  change  its  place  is  shown  by  the  fact  that  in 
polarized  light  there  is  no  reversal. 

A  ray  of  ordinar>-  light  consists  of  vibrations  of  the  ether  in  all 
planes  at  right  angles  to  the  direction  of  the  ray.  In  a  ray  of  plane 
polarized  light  all  the  particles  vibrate  in  one  plane.  A  ray  of  light 
which  has  been  polarized  by  a  Nicol's  prism  eaunol  ipass  ^\vs^^ 
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another  Nicol's  prism  with   its  principal  plane  at  right  angles  Tn 
that  of  the  first.     If  the  second  or  analyring  prism  be  rotated 
so  that  the  principal  planes  are  no  longer  al  right  angles,  soirc 
of  the  light  will  pass  through.      The  same  eifect  is  produced  if. 
without  altering  the  original   *  crossed  '   position   of  the  nicols,  i 
substance  capable  of  rotating  the  polarized  ray  is  introduced  betveen 
tbc  prisms.     The  dark  disc  of  the  uncontracted  fibre  contains  such  a 
doubly  refracting  substance,  and,  therefore,  stands  out  as  a  light  trea 
in  the  otherwise  dark  field  of  the  crossed  nicols.     In  the  conlracied 
fibre  the  stripe  which  appears  light  occupies  the  same  position  as  m 
the  relaxed  fibre.     A  rough  illustration  will  perhaps  tend  to  make 
this  point  clearer.     Suppose  that  a  string  fixed  at  one  end  is  set 
vibrating  in  various  directions  by  a  twisting  movement.     If  the  suing 
has  10  pass  through  a  narrow  vertical  slit,  ^.^.,  between  two  fiogci? 
held  vertically,  all  vibrations  except  those  in  the  vertical  plane  wJ! 
be  extinguished  ;  but  vertical  vibrations  will  be  able  to  pass  beyond 
the  slit.     The  movement  may  be  ?aid  to  be  plane  polarwed,  and  the 
eflject  of  the  slit  corresponds  to  that  of  the  first  nicol.     Now  make 
the  string  pass  also  through  a  horizontal  slit ;  the  vertical  vibratiars 
will  now  be  extinguished  too — in  other  words,  none  of  ;hc  move- 
ments will  jass  beyond  the  '  crossed  *  slits.     'ITiis  corresponds  to  ibe 
dark  field  of  the  crossed  nicols.     But  if  the  vertical  vibrations  ubit^ti 
have  passed  the  first  slit  could  be  in  any  way  changed  into  boriionlil 
vibrations,  they  vould  no  longer  be  extinguished  by  the  second-    Tlu* 
would  ccrrespcnd  to  rotation  of  the  plane  of  polariration  through  90 
A  ray  of  light  polarized  by  the  first  nicol  will,  if  its  plane  of  polarin- 
tion  be  rotated  through  50',  pass  entirely  (except  for  loss  byordiwrj 
reflection  and  absorption)  through  the  second.     If  the  angle  of  ro& 
tion  is  less  than  90",  a  portion  will  pass  through.  ~ 

(2)  Mechanical  Phcnomenft. — The  muscular  contraction 
be  graphically  recorded  by  connecting  a  muscle  with  a  lever 
which  is  moved  either  by  its  shortening  or  by  its  thickeniag' 
The  lever  writes  on  a  blackened  surface,  which  must  tnvd 
at  a  uniform  rate  if  the  form  and  time-relations  of  the 
muscle-cur\"e  are  to  be  studied,  but  may  be  at  rest  if  oflK 
the  height  of  the  contraction  is  to  be  recorded.  The  whofe 
arrangement  for  taking  a  muscle-tracing  is  called  a  m)*ognpb 
(Fig.  163),  The  duration  of  a*  twitch 'or  single  contraction 
(including  the  relaxation)  of  a  frog's  muscle  is  usually  givtfl 
as  about  one-tentl^  of  a  second,  but  it  may  vary  considei 
with  temperature,  fatigue,  and  other  circumstances, 
measured  by  the  vibrations  of  a  tuning-fork  written  im 
diately  below  or  above  the  muscle  curve.  When  the  muscle 
is  only  slightly  weighted,  it  but  vcrj*  gradually  reaches  its 
original  length  after  contraction,  a  period  of  rapid  relaxatii^n 
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being  followed  by  a  period  of  '  residual  contraction/  during; 
which  the  descent  of  the  lever  towards  the  base  line  becomes 
slower  and  slower,  or  stops  al  together  some  distance 
above  it- 

Lfttent  Period.— If  the  lime  of  stimulation  is  marked  on 
the  tracing,  it  is  found  that  the  contraction  does  not  begin 
simultaneously  with  it,  but  only  after  a  certain  interval, 
which  is  called  the  latent  period. 

iThis  can  be  measured  by  means  of  the  pendulum  myo- 


Fia  141.— SPBi?<a  MroGRAPH. 

^.  B,  Ifon  uprifihis,  beiween  which  ire  stretched  the  guide-wires  on  which  the 
|n>>iiUiig  plate  a  ruDS  :  i.  pieces  of  coik  on  the  Elides  10  gmduAlly  check  the  plate  At 
at  Cad  01  Its  rxcursion,  nnd  prevent  JArrinj;;  A,  kpniiK-  the  release  of  which  ahooU  the 
Pfcicilorm ;  *•  irigfer-kcy.  which  is  open^  by  the  pin  4  on  the  frame  of  the  plate. 

paph  or  the  spring  myograph,  in  both  of  which  the  carrier 
M  the  recording  plate  opens,  at  a  definite  point,  in  its 
passage,  a  key  in  the  primary  coil  of  an  induction  machine, 
and  so  causes  a  shock  to  be  sent  through  the  muscle  or 
oen'e,  which  is  connected  with  the  secondary.  The  precise 
point  at  which  the  stimulus  is  thrown  in  can  be  marked 
on  the  tracing  by  carefully  bringing  the  plate  to  the  position 
'n  which  the  key  is  just  opened,  and  allowing  the  lever  to 
*f»ce  here  a  vertical  line  (or,  rather,  an  arc  of  a  circle).  The 
portion  of  the  time-tracing  between  this  line  and  a  ya.caUcl 


Fin.  14a. — Pi;nouluu  Mvfx-.BAPU. 

A(  the  left  M  swn  from  ihe  sWe,  ai  ihe  rvghi  At  %rtn  from  ibe  front.  A.  ta*p 
<m  which  Oie  pmdutum  swinf^s  ;  P,  pendutiuit  ;  G,  O',  k'^*  pUlci  carried  li  I** 
fnmei  T.  P;  u.  pin  wirch  opens  Ihe  triggrr-kcy.  Tntr  key.  wlum  clMOl.  ••  * 
coouct  wilh  c,  aod  so  compleles  the  circuit  of  lh«  primary  co^L 

Helmholu  measured  the  length  of  the  latent  period  by 
means  of  the  principle  of  Pouillet,  that  the  deflection  of* 
magnet  by  a  current  of  given  strength  and  of  very  short 
duration  is  proportional  to  the  time  during  which  the  current 
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acts  on  the  magnet.  He  arranged  that  at  the  moment  of 
stimulation  of  the  muscle  a  current  should  be  sent  through 
a  galvanometer,  and  should  be  broken  by  the  contraction  of 
the  muscle  the  moment  it  began.  In  this  way  he  obtained 
the  value  of  y^^  second  for  the  latent  period  of  frog's 
muscle.  The  tendency  of  later  obscr^'ations  has  been  to 
make  the  latent  period  shorter.  Burdon  Sanderson  finds 
that  the  change  of  form  probably  begins  in  muscle  with 
direct  stimulation  in  y^'tpir  second  after,  and  the  electrical 
change  (p.  559)  simultaneously  with,  the  excitation.  It  is 
known  that  the  apparent  latent  period  depends  upon  the  re- 
sistance which  the  muscle  has  to  overcome  in  beginning  its 
contraction.  A  heavily-weighted  muscle,  for  instance,  can- 
not begin  to  shorten  until  as  much  energy*  has  been  developed 
as  is  ncccssar}'  to  raise  the  weight  ;  and  its  latent  period 


Viti.  143. — CuBVK  OP  A  Single  Muscular  Contraction  or  Twrrni  takkn 
ON  Smokeo  Glass  with  ^^I'Ring  Myockaph  and  Photographed. 

Vertical  line  A  marks  Ihe  fioiDt  at  which  the  mutclc  vins  siimulainl  ;  Ume-tniciDg 
shows  liaih  of  a  second  (reduced). 

will  be  distinctly  longer  than  that  of  unweighted  or  very 
slightly  weighted  muscles,  such  as  those  with  which  Sander- 
son worked. ' 

The  maximum  shortening,  or  'height  of  the  lift,*  depends 
upon  the  length  of  the  muscle,  the  direction  of  the  fibres, 
the  strength  of  the  stimulus,  the  excitability  of  the  tissue, 
and  the  load  it  has  to  raise. 

In  a  long  muscle,  other  things  being  equal,  the  absolute 
shortening,  and  therefore  the  maximum  height  of  the  curve 
will  be  greater  than  in  a  short  muscle;  in  a  muscle  with 
fibres  parallel  to  its  length — the  sartorius,  for  instance — 
it  will  be  greater  than  in  a  muscle  like  the  gastrocnemius, 
with  the  fibres  directed  at  various  angles  to  the  long  axis* 
For  stimuli  less  than  maximal,  the  absolute  contraction 
increases  with  the  strength  of  stimulation,  and  a  given 
stimulus  will  cause  a  greater  contraction  \tv  ^  vtvw^^t  -^v^ 
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a  given  excitability  than  in  a  muscle  which  is  less  excitable. 
Finally,  increase  of  the  load  per  unit  of  cross-section  of  the 
muscle  diminishes  above  a  certain  limit  the  *  height  of  ttafl 
lift/  although  below  that  limit  it  may  increase  it.  " 

Influenoea  which  affect  the   Time-relatioiu  of  the  VucoUr 
ContrftoUon. — Many  circumstances  affect  the   form  of  t^fl 
muscle-curve  and  its  time- relations.  ™ 

(a)  Infltutue  of  the  Load* — The  first  effect  of  contractioo 
is  to  suddenly  stretch  the  muscle»  and  the  more  the  mua 
is  loaded  the  greater  will  this  elongation  be.     So  that  at ' 
beginning  of  the  actual  shortening,  part  of  the  €nerp\* 
contraction  is  already  expended  without  visible  effect,  and 


Fifi.    144.  — iNtLf ENCE   OF    Ia>M»  ON    IMP:    Ki>«M    mf    TME    Ml'M_I.r.   Ll'BlI 

I.  carve  wkcn  with  unloaded  lever.  3,3,4.  wright  fuccessively  tncreued .  iliv^ 
trace  Tlsth  lec.  (reduced). 

has  to  be  recovered  from  the  elastic  reaction  during  tk 
ascent  of  the  lever. 

Then  the  inertia  of  the  lever  itself  and  ot  its  load  coRi«s 
into  play,  and  may  carry  the  curve  too  high  during  the 
up-stroke  and  too  low  during  the  down-stroke.  This  can 
be  minimized  by  making  the  lever  verj'  light,  and  attaching 
the  weight  close  to  the  fulcrum,  so  that  it  has  only  a  small 
range  of  movement,  and  never  acquires  more  than  a  small 
velocity.  The  contraction  of  a  muscle  loaded  by  a  wcighl 
which  is  not  increased  or  diminished  during  the  contraction 
is  said  to  be  iso-tottic,  for  here  the  tension  of  the  moscle 
is  the  same  throughout,  and  its  length  alters.  When  the 
muscle  is  attached  ver\'  near  the  fulcrum  of  the  lever,  so 
that  it  acts  upon  a  short  arm,  while  the  long  arm  can>iDK 
the  writing-point  is  prevented  from  mo^-ing  much  by  * 
spring,  the  muscle  can  only  shorten  itself  ver>-  slightly;  b"^ 
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the  changes  of  tension  in  it  will  be  related  to  those  in  the 
spring,  and  therefore  to  the  curve  traced  by  the  writing- 
point.  Such  a  curve  is  called  fso-m^/nc,  since  the  length  of 
the  muscle  remains  almost  unaltered.  The  maximum  of  the 
iso-metric  curve  (the  maximum  tension  with  practically 
constant  length)  is  sooner  reached  than  that  of  the  iso- 
tonic (the  maximum  contraction  with  constant  tension). 
From  this  it  has  been  concluded  that  during  contraction 
the  co-efficient  of  elasticity  of  the  muscle  continuously 
diminishes  (Pick),  or,  what  comes  to  the  same  thing,  its 
extensibility  continuously  Increases. 

The  work  done  by  a  muscle  in  raising  a  weight  is  equal 
to  the  product  of  the  weight  by  the  height  to  which  it  is 
raised.  Beginning  with  no  load  at  all,  it  is  found  that 
the  weight  can  be  increased  up  to  a  certain  limit  without 
diminishing  the  height  of  the  contraction ;  perhaps  the 
height  may  even  increase.  Up  to  this  limit,  then,  the  work 
evidently  increases  with  the  load.  If  the  weight  is  made 
still  greater  the  contraction  becomes  less  and  less,  but  up  to 
another  limit  the  increase  of  weight  more  than  compensates 
for  the  diminution  of  '  lift,'  and  the  work  still  increases. 
Beyond  this,  further  increase  of  weight  can  no  longer 
make  up  for  the  lessening  of  the  lift,  and  the  work  falls  off 
till  ultimately  the  muscle  is  unable  to  raise  the  weight  at  all. 

The  manner  of  application  of  the  weight  has  an  influence 
on  the  work  done  by  the  muscle.  If  it  is  applied  before  the 
contraction  begins,  so  that  the  muscle  is  already  stretched 
at  the  moment  of  stimulation,  a  cause  of  error  and  un- 
certainty is  introduced  ;  for  it  is  known  that  mere  stretching 
of  muscle  afiects  its  metabolism,  and  therefore  its  functional 
power.  So  that  it  is  usual  in  experiments  of  this  kind  to 
after-load  the  muscle — that  is,  to  support  the  lever  and  its 
load  in  such  a  way  that  the  weight  does  not  come  upon  the 
muscle  till  contraction  has  just  begun.  The  *  absolute  con- 
tractile  force '  of  an  active  muscle  may  be  measured  on  this 
principle  by  determining  the  weight  which,  brought  to  bear 
upon  the  muscle  at  the  instant  of  contraction,  is  just  able 
to  prevent  shortening  without  stretching  the  muscle.  It, 
of  course,  depends,  among  other  things,  on  the  ccosv^tcxVoa. 


1 


493 


A  MANUAL  OF  PHY'SIOLOGY 


of  the  muscle.  During  the  contraction  the  absolute  force 
diminishes  continually,  so  that  a  smaller  and  smaller  weight 
IK  sufficient  to  stop  any  further  contraction,  the  more  the 
muscle  has  already  shortened  before  it  is  applied.  At  the 
maximum  of  the  contraction  the  absolute  force  is  zero. 
Hence  a  muscle  works  under  the  most  favourable  conditions 
when  the  weight  decreases  as  it  is  raised,  and  this  is  the 
case  with  many  of  the  muscles  of  the  body.  During  flexure 
of  the  forearm  on  the  elbow,  with  the  upper  arm  horizontal, 
a  weight  in  the  hand  is  felt  less  and  less  as  it  is  raised,  since 


Fic;.   145.— iNJ-Lf  ENCE  or  'I'EMI-KHATUKG    ON   THE  ML'SCLE  CURVE. 

a,  air  tcropcraiurc:  i,  25'— jo'C  :  3.  7°— lo"  C  :  4.  ice  in  conuci  with  mtucie.    The 
5lh  curve  was  taken  ai  a  littl«  above  air  tempcnuure. 

its  moment,  which  is  proportional  to  its  distance  from  the 
vertical  through  the  lower  end  of  the  humerus,  continually 
diminishes. 

(6)  Influence  of  Temperature  on  the  Muscular  Contraction. — 
Increase  of  temperature  of  the  muscle  up  to  a  certain  limit 
diminishes  the  latent  period  and  the  length  of  the  curve,  and 
increases  the  height  of  the  contraction,  but  beyond  this 
hmit  the  contractions  are  lessened  in  height.  Marked  dimi- 
nution  of  temperature  causes,  in  general,  an  increase  in  the 
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period  and  len^h,  and  a  decrease  in  the  height  of  the 
iction.  It  is  evident  that  much  depends  upon  the 
U  temperature  which  we  start  from,  and  moderate 
g  may  increase  the  height  of  the  curve.  In  the  heart 
lect  of  cold  in  strengthening  the  beat  is  often  very 
td. 
Influence  of  Previous  Stimulati&n,—~\[  a  muscle  is  stimu- 

by  a  series  of  equal   shacks    thrown   in   at 


regular 
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Below  U  shown 
the  aiTangcni<;ot 
with  which  the 
curve  figured  was 
obiiimed.  A,  femur 
wiih  c»sttocacniius 
nliAchf>d.  supported 
in  clump  ;  C.  meul 
hook  wllh  fine  wire 
aiuached  to  lever. 
The  wire  is  con- 
tinued Along  the 
Icvrrand  connected 
with  tt  iewing- 
n«vtJ)e.  the  point  of 
whkih  just  dips  info 
the  mercnry  cap  D. 
A  wire  from  one 
pote  of  the  Daniel) 
cell  E  dips  perma- 
nently into  the  mer- 
cury ;  the  wire  B 
from  tbe  other  pole 
i«  attached  to  the 
upper  end  of  the 
muvclr  or  the  clamp. 
When  the  lever  F  is 
raised  so  a^  to  wuh- 
diaw  the  needle 
from  the  cup  the 
mu&clc  \s  slimuUted. 
When  it  relaxes  il  u 
ni^aln  stimulated  as 
soon  as  the  needle 
again  touches  the 
mercury,  and  >o  on 
till  it  is  extuiusted. 


Fig.  146— Fatigi'k  Curve  of 

MfSCLE     (FBOf^'S      (iASTRn. 
rNKUtUS) 

ils,  and  the  contractions  recorded,  it  is  seen  that 
trst  each  curve  overtops  its  predecessor  by  a  small 
Dnt.  This  phenomenon,  which  is  regularly  seen  in 
I  skeletal  muscle,  although  it  was  at  one  time  supposed 
e  peculiarly  a  property  of  the  muscle  of  the  heart,  is 

the  'staircase/  and   seems  to  indicate  that  vi\tK\u 
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limits  the   muscle  is  benefited  by  contraction  and  its  ex- 
citability increased  for  a  new  stimulus.     Soon,  however,  in 

an  isolated  preparation,  the 
contractions  begin  to  decline 
in  height,  till  the  muscle  is  at 
length  utterly  exhausted,  and 
reacts  no  longer  to  even  the 
strongest  stimulation. 

A  conspicuous  feature  of  Ihej 
contraction-curves  of  fatiguec 
muscle  is  the  progressive 
lengthening,  which  is  mucll 
more  marked  in  the  descendini 
than  in  the  ascending  peri 
in  other  words,  relaxation 

FlU.  147.  — 'MaIIUAM,' IN^KLLlilAL  ,  .„         -J 

Ml'scle  (Khog).  comes  more  and  more  dimcuH 

sihnuiaijon  by iirmnccmem shown  in   and  Imperfcct.  It  isbyuomear 
''*'''*^  so  easy   to    fatigue  a    mu! 

still  in  connection  with  the  circulation  as  an  isolated  muscle^ 
But  even   the   latter,  if  left  to   itself,  will  to  some   extenCl 
recover,  and  be  again  able  to  contract,  although  exhaustion 
is  now  more  readily  induced  than  at  first. 


I 


Fig.  148.— 'Staiscask'  is  Cakdiac  Musclk. 

Contrmciioti<i  rccortlcd  on  k  much  mor«  quickly  movinic  dntm  t)w)n  in  Fig.  147.  The 
contractions  were  cauMrd  by  stimalating  a  b«trt  r.diiced  to  &lan<lsilil  by  the  fir» 
Stanniiu'  ligature  (p.  no).     Tlic  cotiiraciions  gradually  increase  in  beighl. 

What  is  the  cause  of  muscular  fatigue  ?  An  exact  answer 
is  not  possible  in  the  present  state  of  our  knowledge,  but 
we  may  fairly  conclude  that  in  an  isolated  preparation  it  is 
twofold :  (i)  The  material  necessary  for  contraction  breaks^ 
down  more  quickly  than  it  can  be  reproduced  or  brought 
to  the  place  where  it  is  required;    (2)  waste  products  are 
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formed  by  the  active  muscle  faster  than  they  can  be  removed. 
That  even  an  isolated  muscle  has  a  certain  store  of  the 
material  needed  for  contraction  which  cannot  be  all  exhausted 
at  once,  or  which  can  to  a  certain  extent  be  replenished  by 
processes  going  on  in  the  muscle,  is  shown  by  the  beneficial 
effect  of  mere  rest.  That  the  accumulation  of  fatigue 
products  has  something  to  do  with  the  exhaustion  is  shown 
by  the  fact  that  the  muscles  of  a  frog,  exhausted  in  spite  of 


Fi'..   l^'/,  -  I  ATiut :»:  Curve  or  SKLLtrAL  Mcsci.k, 

(<J.uirocnetnlus  ol  froy,  indirect  siimuljiiiont  uken  with  iimngemeol  shown  in  Fig.  163. 
Time  iradDf.  ,2^  of  a  second. 

the  continuance  of  the  circulation,  can  be  restored  by  bleed- 
ing the  animal*  or  washing  out  the  vessels  with  normal  saline 
solution,  while  injection  of  a  watery  extract  of  exhausted 
muscle  into  the  bloodvessels  of  a  curarized  muscle  renders  it 
less  excitable  (Ranke).  This  observer  supposed  that  it  was 
specially  the  removal  of  the  acid  products  of  contraction 
(sarcolactic  acid  and  acid  potassium  phosphate)  which 
restored  the  muscle.  Injection  of  arterial  blood,  or  even 
of  an  oxidizing  agent  like  potassium  petm^^?^^T[v^\<i,  \v\q 
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the  vessels  of  an  exhausted  muscle  also  causes  restoralioa 
(Kronecker).  ■ 

When  a  fatigued  muscle  responds  no  longer  to  indirect 
stimulation,  it  can  still  be  directly  excited.  The  seat  of 
exhaustion  must  therefore  be  either  the  nerve-trunk  or  the 
nerve-endings.  It  is  not  the  Der\'e-trunk  which  is  first 
fatigued,  for  this  still  shows  the  negative  variation  on  being 
excited.  And  if  the  two  sciatic  nerves  of  a  frog  or  rabbit 
be  stimulated  continuously  with  interrupted  currents  of 
equal  strength,  while  the  excitation  is  prevented  from  reach- 
ing the  muscles  of  one  limb  till  those  of  the  other  cease  to 
contract,  it  will  be  found  that  when  the  *  block '  is  removed 
the  corresponding  muscles  contract  vigorously  on  stimulation 
of  their  nerve.  The  passage  of  a  constant  current  throogfa 
a  portion  of  the  nerve  or  the  application  of  ether  betweeo  the 
point  of  stimulation  and  the  muscles  may  be  used  to  prevcnij 
the  excitation  from  passing  down  (p.  545). 

The  fatigue   caused    by   voluntary  muscular  contraclio 
may  have  its  seat  (i)  in  the  muscle.  (2)  in  the  nerve-endingSi' 
(3)  in  the  nerve-trunk,  and  {4)  in  the  central  nervous  system. 
Elaborate  experiments  on  this  subject  have  been  recentl 
made  (Mosso  and  Maggiora,  Lombard)  (p.  546). 

Lombard  found  that  in  his  own  case  fatigue  after  volti 
tary  effort  was  chiefly  central,  and  not  in  the  muscles  acd 
nerves  themselves.  Electrical  stimulation,  either  of  a  'tired' 
muscle  or  of  its  nerve,  was  readily  responded  to  at  a  time 
when  voluntary  contraction  was  impossible.  But  since  at 
this  time  the  voluntary  power  over  untired  muscles  was  com- 
plete, he  suggests  that  part  at  least  of  the  central  fatigue 
may  be  in  the  lower  spinal  centres.  Alcohol,  food,  rest, 
and  moderate  exercise  increased  the  power  of  voluntas' 
muscular  work ;  tobacco,  hunger,  high  temperature,  geceraJ 
and  local  fatigue  diminished  it.  Mosso  also  observed  that  j 
central  fatigue  might  exist  independently  of  fatigue  of  the 
peripheral  organs. 

{d)  The  InfludKe  of  Drugs  oil  the  Contraction  of  MuscU.—'^^ 
total  work  which  a  muscle  can  perform,  its  excitability  and 
the  absolute  force  of  the  contraction,  may  all  be  aJtert-'^i^ 
either  in  the  plus  or  the  minus  sense  by  drugs.     Bat  id  coo- 
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nection  with  our  present  subject  those  drugs  which  con- 
spicuously alter  the  form  and  time-relations  of  the  muscle- 
curve  have  most  interest.  Of  these  veratria  is  especially 
important.  When  a  small  quantity  of  this  substance  is 
injected  below  the  skin  of  a  frog,  spasms  of  the  voluntary 
muscles,  well  marked  in  the  limbs,  come  on  in  a  few  minutes. 
These  are  attended  with  great  stiffness  of  movement,  for 
while  the  animal  can  contract  the  extensor  muscles  of  its 
legs  so  as  to  make  a  spring,  they  relax  very  slowly,  and 
some  time  elapses  before  it  can  spring  again.  If  it  be 
killed  before  the  reflexes  are  completely  gone,  the  peculiar 
alterations  in  the  form  of  the  muscle-curve  caused  by  veratria 
will  be  most  marked.  The  poisoned  muscle  stimulated 
directly  or  through  its  nerve,  contracts  as  rapidly  as  a 
normal  muscle,  while  the  height  of  the  curve  is  as  great,  or 
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even  greater,  but  the  relaxation  is  enormously  prolonged 
(Fig.  150).  This  effect  seems  to  be  to  a  considerable  degree 
dependent  on  temperature  ;  and  it  may  temporarily  disappear 
when  the  muscle  is  made  to  contract  several  times  without 
pause.  Barium  salts,  and  in  a  less  degree  those  of  strontium 
and  calcium,  have  an  action  on  muscle  similar  to  that  of 
veratria  (p.  547). 

(e)  The  individuality  of  the  muscle  itself  has  an  influence  on 
the  muscle-curve.  Not  only  do  the  muscles  of  different 
animals  vary  in  the  rapidity  of  contraction,  but  there  are 
also  dift'erences  in  the  skeletal  muscles  of  the  same  animal. 
In  the  rabbit  there  are  two  kinds  of  striped  muscle,  the  red 
and  the  pale  (the  semitendinosus  is  a  red,  and  the  adductor 
magnus  a  pale  muscle),  and  the  contraction  of  the  former 
is  markedly  slower  than  that  of  the  latter. 

In  many  fishes  and  birds,  and  in  some  insects,  %  %\\tv\'^'^ 
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difference  of   colour  and  structure  is    present,  although 
physiological  distinction  has  not  here  been  worked  out. 

Even  where  there  is  no  distinct  histological  difference, 
there  may  be  great  variations  in  the  length  of  contraction. 
In  the  frog,  for  instance,  the  hyoglossus  muscle  contracts 
four  or  five  times  more  slowly  than  the  gastrocnemius. 
The  wave  of  contraction,  which  in  frogs'  striped  muscle 
lasts  only  about  '07  second  at  any  point,  may  last  a  second 
in  the  forceps  muscle  of  the  crayfish,  though  only  half  as 
long  in  the  muscles  of  the  tail.  In  the  muscles  of  the 
tortoise  the  contraction  is  also  very  slow.  The  muscles  of 
the  arm  of  man  contract  more  quickly  than  those  of  the 
leg. 

Summation  of  Stimuli  and  Superposition  of  ContraotionB. — 
Hitherto  we  have  considered  a  single  muscular  contraction 
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as  arising  from  a  single  stimulus,  and  we  have  assumed  that 
the  muscle  has  completed  its  cur\'e  and  come  back  to  its 
original  length  before  the  next  stimulus  was  thrown  in. 
We  have  now  to  inquire  what  happens  when  a  second 
stimulus  acts  upon  the  muscle  during  the  contraction  caused 
by  a  first  stimulus,  or  during  the  latent  period  before  the 
contraction  has  actually  begun  ;  and  what  happens  when  a 
whole  series  of  rapidly-succeeding  stimuli  are  thrown  into 
the  muscle. 

First  let  us  take  two  stimuli  separated  by  a  smaller 
interval  than  the  latent  period  (p.  548).  If  they  are  both 
maximal  (».c,,  if  each  by  itself  would  produce  the  greatest 
amount  of  contraction  of  which  the  muscle  is  capable  when 
excited  by  a  single  stimulus)  the  second  has  no  effect  what- 
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Ronis  precisely  the  same  as  if  it  had  never 
But  if  they  are  less  than  maximal,  the  contraction, 
lllhough  it  is  a  single  contraction!  is  greater  than  would  have 
en  due  to  the  first  stimulus  alone;   in  other  words,  the 
muU  have  been  summed  or  added  to  each  other  during 
\  latent  period  so  as  to  produce  a  single  result. 
Next  let  us  consider  the  case  of  two  stimuli  separated  by 
igreater  interval  than  the  latent  period,  so  that  the  second 
iinto  the  muscle  during  the  contraction  produced  by  the 
The  result  here  is  very  different :  traces  of  two  con- 
actions  appear  upon  the  mu5cle-cur\'e,  the  second  cur\'e 
eing  that  which  the  second  stimulus  would  have  caused 
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lone,  but  rising  from  the  point  which  the  6rst  had  reached 
3t  ihe  moment  of  the  second  shock  (Fig.  151).  Although 
the  tirst  curx'C  is  cut  short  in  this  manner,  the  total  height 
of  the  contraction  is  greater  than  it  would  have  been  had 
only  the  first  stimulus  acted  ;  and  this  is  true  even  when 
both  stimuli  are  maxima!.  Under  favourable  circumstances, 
when  the  second  curve  rises  from  the  apex  of  the  first,  the 
total  height  may  be  twice  as  great  as  that  of  the  contraction 
which  one  stimulus  would  have  caused  (p.  54^^). 

Not  only  may  we  have  superposition  or  fusion  of  two  con- 
iractioDS.  but  of  an  indefinite  number ;  and  a  series  of 
•ipidly  following  stimuli  causes  complete  tetanus  of  the 
niuscle,  which  remains  contracted  during  the  stimulation,  or 
ll    till  ji  is  exhausted  (Fig.  152), 
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The  meaning  of  a  complete  tetanus  is  readily  grasped 
beginning  with  a  series  of  shocks  of  such  rapidity  that  the 
muscle  can  just  completely  relax  in  the  intervals  between 
successive  stimuli,  we  gradually  increase  the  frequency 
(p.  549).  As  this  is  done,  the  ripples  on  the  cur\'e  become 
smaller  and  smaller,  and  at  last  fade  out  altogether.  The 
maximum  height  of  the  contraction  is  greater  than  that  pro- 
duced by  the  strongest  single  stimulus;  and  even  after  com- 
plete fusion  has  been  attained,  a  further  increase  of  the 
frequency  of  stimulation  may  cause  the  curve  still  to  rise. 

It  is  evident  from  what  has  been  said  that  the  frequency 
of  stimulation  necessary  for  complete  tetanus  will  depend 
upon  the  rapidity  with  which  the  muscle  relaxes ;  and 
everything  which  diminishes  this  rapidity  will  lessen  the 
necessary  frequency  of  stimulation.  A  fatigued  muscle  may 
be  tetanized  by  a  smaller  number  of  stimuli  per  second 
than  a  fresh  muscle^  and  a  cooled  by  a  smaller  number  than 
a  heated  muscle.  The  striped  muscles  of  insects,  which 
can  contract  a  million  times  in  an  hour,  require  300  stimuli 
per  second  for  complete  tetanus,  those  of  birds  100.  of  man 
40,  the  torpid  muscles  of  the  tortoise  only  3.  The  pale 
muscles  of  the  rabbit  need  20  to  40  excitations  a  second,  the 
red  muscles  only  10  to  20 ;  the  tail  muscles  of  the  crayfish 
40,  but  the  muscles  of  the  claw  only  6  in  winter  and  20  in 
summer.  The  gastrocnemius  of  the  frog  requires  30  stimuli  a 
second,  the  hyoglossus  muscle  only  half  that  number  (Richet). 

We  see,  then,  that  there  is  a  lower  limit  of  frequency  of 
stimulation  below  which  a  given  muscle  cannot  be  com- 
pletely tetanized,  and  the  question  arises  whether  there  is 
also  an  upper  limit  beyond  which  a  series  of  stimuli  becomes 
too  rapid  to  produce  complete  tetanus,  or,  indeed,  to  cause 
contraction  at  all.  We  may  be  certain  that  ever>'  stimulus 
requires  a  finite  time  to  produce  an  efifect,  and  it  is  possible 
that  if  the  duration  of  each  shock  were  reduced  below  a 
certain  minimum,  without  lessening  at  the  same  time  the 
interval  between  successive  excitations,  no  contraction  would 
be  caused  by  any  or  all  of  the  stimuli  in  the  series.  But 
above  this  minimum  there  apparently  lies  a  frequency  of 
stifliuJation — at  least,  when  the  interval  between  the  stimuli 
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is  reduced  exactly  in  the  same  proportion  as  the  duration — 
at  which  an  interrupted  current  comes  to  act  like  a  constant 
current,  causing  a  single  twitch  at  its  commencement  or  at 
its  end,  but  no  contraction  during  its  passage. 

As  to  this  last  limit,  on  the  fixing  of  which  much  labour 
has  been  expended  without  any  harmony  of  result,  it  un- 
doubtedly does  not  depend  upon  the  frequency  of  stimula- 
tion alone :  the  intensity  of  the  individual  excitations,  the 
temperature  of  the  muscle,  and  probably  other  factors  aflfect 
it.  For  Bernstein  found  that  with  moderate  strength  of 
stimulus  tetanus  failed  at  about  250  per  second,  and  was 
replaced  by  an  initial  contraction;  with  strong  stimuli  at 
more  than  1,700  per  second,  tetanus  could  still  be  obtained. 
Kronecker  and  Stirhng,  stimulating  the  muscle  by  a  novel 
and  ingenious  method  (by  induced  currents  set  up  in  a  coil 
by  the  longitudinal  vibrations  of  a  magnetized  bar  of  iron), 
saw  complete  tetanus  even  at  24,000  stimuli  a  second  ;  while 
V.  Kries  in  a  cooled  muscle  found  tetanus  replaced  by  the 
simple  initial  twitch  at  100  stimuli  per  second,  although  in  a 
muscle  at  i^"  C.  stimulation  of  ten  times  this  frequency  still 
caused  tetanus.  But  it  is  doubtful  whether  the  electrical 
method  of  stimulation  is  capable  of  solving  the  problem, 
because  of  the  difficulty  of  being  sure  that  the  number  of 
excitations  is  the  same  as  the  nominal  number  of  shocks,  all 
the  more  that  even  very  short  currents  leave  alterations  of 
conductivity  and  excitability  behind  them  (Sewall),  which 
we  shall  have  to  discuss  in  another  chapter  (p.  524). 

It  is  only  while  the  actual  shortening  is  taking  place  that 
a  tetanized  muscle  can  do  external  work.  But  although 
during  the  maintenance  of  the  contraction  no  work  is  done, 
energy  is  nevertheless  being  expended,  for  the  metabolism  of 
a  muscle  during  tetanus  is  greater  than  during  rest.  Among 
other  changes,  the  carbonic  acid  given  off  is  increased,  and 
lactic  acid  produced.  And  upon  the  whole  a  muscle  is 
more  quickly  exhausted  by  tetanus  than  by  successive  single 
contractions,  although  there  are  great  differences  between 
different  muscles.  For  example,  the  muscles  which  close  the 
forceps  of  the  crayfish  or  lobster  have,  as  everyone  knows, 
the  power  of  most  obstinate  contraction.     RicVvfeV  v^v^^vvir.^ 
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one  for  over  seventy  minutes,  and  another  for  an  hour  and 
a  half,  before  exhaustion  came  on,  while  a  tetanus  of  a 
single  minute  exhausted  the  muscles  of  the  crayfish's  tail. 
The  gastrocnemius  of  a  summer  frog  kept  up  for  twelve 
minutes,  and  a  tortoise  muscle  for  forty  minutes. 

Continuous  stimulation  is  not  always  necessar}*  for  the 
production  of  continuous  contraction;  in  some  conditions 
a  single  stimulus  is  sufficient.  A  blow  \vith  a  hard  instra- 
ment  may  cause  a  dying  or  exhausted,  and  in  thin  persons 
even  a  fairly  normal,  muscle  to  pass  into  long-contiooed 
contraction.  This  so-called  Mdio- muscular'  contraction 
seems  to  depend,  in  part  at  least,  on  the  great  intensity rf 
the  stimulus. 

The  rate  at  which  the  wave  of  masealar  contractiac  tra\^ 
may  be  measured  by  stimulating  the  muscle  at  one  end,  aad 
recording,  by  means  of  lesers,  the  movements  of  t^vo  points 
of  its  surface  as  far  apart  from  each  other  as  possiMb 
Time  is  marked  on  the  tracing  by  means  of  a  tuning-fork, 
and  the  distance  between  the  points  at  which  the  tw 
cur\'es  begin  to  rise  from  the  base-line  divided  by  iht 
time  gives  the  velocity  of  the  wave.  Another  method  iJ 
founded  upon  the  measurement  of  the  rate  at  which  tl*« 
negative  variation  (p.  557)  passes  over  the  muscle,  this  bewi; 
the  same  as  the  velocity  of  the  contraction-wave.  In  '  " 
muscle  it  is  about  three  metres  a  second,  or  six  muu  - 
hour.  Rise  of  temperature  increases,  fall  of  temperatuK 
lessens  it. 

When  a  muscle  is  excited  through  its  nen'e  the  contrtc- 
tion  springs  up  first  of  all  about*  the  middle  of  each  mo5* 
cular  fibre  where  the  nerve-fibre  enters  it,  and  then  siA-eef^ 
out  in  both  directions  towards  the  ends.  But  so  long  is  tb* 
wave,  that  all  parts  of  the  fibre  are  at  the  same  time  >**' 
volved  in  some  phase  or  other  of  the  contraction.  And  th^ 
is  the  case  even  when  the  end  of  a  long  muscle  like  tt*' 
sartorius  is  artificially  stimulated. 

The  wave  of  contraction  in  unstriped  muscle  lasts  * 
relatively  long  time  at  any  given  point,  and  in  tubes  likei^* 
intestines  and  ureters,  the  walls  of  which  are  largely  coff*' 
posed  of  smooth  muscle  arranged  in  rings,  the  wave  sbo^'^ 
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Itself  as  a  gradually-advancing  constriction  travelling  from 
end  to  end  of  the  organ.  There  is  no  evidence  that  the  con- 
traction of  smooth  muscular  fibres  is  discontinuous — that  is, 
composed  of  summated  contractions  like  a  tetanus;  it  appears 
to  be  a  greatly-prolonged  simple  contraction  of  the  kind 
called  'tonic'  An  artificial  stimulus,  mechanical  or  elec- 
trical, causes,  after  a  long  latent  period,  a  verj'  definitely- 
localized  contraction  in  a  rabbit's  ureter,  which  slowly 
spreads  in  a  peristaltic  wave  in  one  or  both  directions  along 
the  muscular  tube.  Here,  as  in  the  cardiac  muscle,  the 
excitation  passes  from  fibre  to  fibre,  while  in  striped  skeletal 
muscle  only  the  fibres  excited  directly  or  through  their 
nerves  seem  to  contract.  That  the  rhythmical  contraction 
of  the  heart  is  not  a  tetanus  has  already  been  seen.  It  is 
a  simple  contraction,  intermediate  in  its  duration  and  other 
characters  between  the  twitch  of  voluntary  muscle  and  the 
tonic  contraction  of  smooth  muscle.  The  contraction  both 
of  unstriped  and  of  cardiac  muscle  is  lengthened  and  made 
stronger  by  distension  of  the  viscera  in  whose  walls  they 
occur,  just  as  a  skeletal  muscle  contracts  more  powerfully 
against  resistance. 

Voluntary  Contraction. — It  is  often  stated  that  the  volun- 
tary contraction  is  a  tetanus,  but  in  favour  of  this  belief 
there  is  ver>'  little  direct  evidence.  One  of  the  strongest 
buttresses  of  the  theor)*  of  natural  tetanus  has  been  the 
miiBcle- sound.  Discovered  about  eighty  years  ago,  first  by 
WoUaston  and  then  by  Erman,  half  a  century  passed  away 
before  it  was  investigated  more  fully  by  Helmholtz.  The 
latter  observer,  confirming  the  results  of  his  predecessors, 
put  down  the  pitch  of  the  low  rumbling  sound  heard  when 
the  masseter  contracts  in  closing  the  jaws  at  36  to  40  vibra- 
tions per  second.  He  found,  however,  that  pieces  of  watch- 
spring  vibrating  about  ig's  times  per  second,  were  more 
affected,  when  attached  to  muscle  thrown  into  voluntary 
contraction,  than  those  that  vibrated  at  a  smaller  or  a 
greater  rate.  He  therefore  concluded  that  the  fundamental 
tone  of  the  muscle  corresponded  to  this  frequency,  and  that 
the  sound  heard  was  really  its  octave  or  first  harmonic 
(p.  222),  strengthened  by  the  resonance  of  the  ear,    U  ^fc^t-wA 
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to  be  now  generally  accepted  that  vibrations  of  various 
quency,  and  even  irregular  oscillations,  can  give  rise  to  the 
same  resonance  tone ;  so  that  the  muscle-sound  does  not 
really  enable  us  to  say  much  about  the  nature  of  the  volun- 
tary contraction.  But  several  observers  (Schafer,  Horsley, 
V.  Kries)  have  noticed  periodic  oscillations,  at  the  rate  of 
8  to  zo  per  second,  in  the  carves  taken  from  voluDtahly 
contracted  muscles,  and  from  muscles  excited  through 
stimulation  of  the  motor  areas  of  the  surface  of  the  brain. 
And  since  this  rate  remains  the  same  whether  the  motor 
cortex,  the  corona,  radi^ta,  or  the  spinal  cord  is  excited, 
and,  unlike  the  rate  of  response  to  excitation  of  peripheral 
nerves,  is  independent  of  the  frequency  of  stimulation,  it  bas 


Fig.  153.  — CONTRACTIONi  CAV5E.D  Xt  bllMVLATlON   OF  THE  SriMl.  \.\mv^ 

been  supposed  to  represent  the  rhythm  with  which  impoli 
are  discharged  from  the  motor  cells  of  the  cord. 
observers  have  seen  a  rh^-thin  of  20  per  second ;  wo 
Haycraft  denies  that  regular  oscillations  occur  at  all, 
thinks  that  irregularities  in  the  contraction,  connec 
with  a  want  of  co-ordination  of  all  the  fibres,  cause  the 
muscle-sound  by  drawing  forth  the  resonance  tone  ofibe 
ear  itself.  Loven,  however,  found  the  rhythm  of  sto'chn^ 
(Fig.  153)  tetanus  in  the  frog  about  8  to  10  per  second  j  and 
asserted  that  by  means  of  the  capillary  electrometer  {p.  469I 
an  electrical  oscillation  of  S  per  second  could  be  dcrnfl 
strated  in  voluntarily  contracted  muscle.  This  last 
ment,   if   confirmed,   would    be  strong    evidence    fo 


MUSCLE. 


505 


k 


discontinuity  of  at  least  some  voluntary  contractions.  But 
against  it  we  must  put  the  fact  that  secondan*  tetanus 
(p.  571)  is  not  caused  by  muscle  in  voluntary  contraction, 
except  (and  even  this  is  doubtful)  just  at  the  beginning. 
This,  indeed,  is  not  incompatible  with  the  existence  of 
natural  tetanus,  since  chemical  stimulation,  which  certainly 
sets  up  a  state  of  contraction  analogous  to  experimental 
tetanus,  does  not  cause  secondary  tetanus;  but  we  still  lack 
a  decisive  proof  that  voluntary  contraction  is  maintained  by 
a  strictly  intermittent  outflow  of  nervous  energ>%  and  not  by 
a  continuous  outflow,  which,  it  may  be,  remits  and  is  re- 
inforced at  intervals.  In  any  case,  some  voluntary  contrac- 
tions, namely  the  shortest  possible,  cannot  be  tetanic. 
For  a  voluntary  movement  can  be  executed  in  Vw  to  ^V  of 
a  second,  which,  if  we  take  the  greatest  frequency  of  dis- 
charge in  natural  tetanus  that  has  been  suggested,  would  allow 
time  only  for  a  single  oscillation,  caused  by  a  single  impulse. 
(3)  Thermal  Phenomena  of  the  Huscular  Contraction. — When 
a  muscle  contracts  its  temperature  rises;  the  production  of 
heat  in  it  is  increased.  This  is  most  distinct  when  the 
muscle  is  tetanized,  but  has  also  been  proved  for  single  con- 
tractions. The  change  of  temperature  can  be  detected  by  a 
delicate  mercury  or  air  thermometer ;  and,  indeed,  a 
thermometer  thrust  among  the  thigh-muscles  of  a  dog  may 
rise  as  much  as  i^  to  2°  C.  when  the  muscles  are  thrown  into 
tetanus.  In  the  isolated  muscles  of  cold-blooded  animals 
the  increase  of  temperature  is  much  less  ;  and  electrical 
methods,  which  are  the  most  delicate  at  present  known, 
have  generally  been  used  for  its  detection  and  measurement. 

They  depend  either  upon  the  fundamental  fact  of  thermo-elec- 
tricity, that  in  a  circuit  composed  of  two  metals  a  current  is  set  up  if 
the  junctions  of  the  metals  are  at  different  temperatures  ;  or  upon 
the  fact  that  the  electrical  resistance  of  a  metallic  conductor  varies 
with  its  temperature. 

On  the  former  principle  the  thermopile  has  been  constructed  (Fig. 
154),  on  the  latter  the  bolometer^  or  ^ e/e^trunlresistufuc  thermometer.^ 

Where  no  very  fine  differences  of  temperature  are  to  be  measured, 
a  single  thermo  junction  of  German  silver  and  iron,  or  copper  and  ircn, 
is  inserted  into  a  muscle  or  between  two  muscles.  But  the  electro- 
motive force,  and,  therefore,  the  strength  of  the  thermo-electric 
current,  is  proportional  for  any  given  pair  of  metaK  lo  vVv^  x^.^^cs^:KX  c\ 
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junctions,  and  for  delicate  measurements  it  may  be  necessary  to  u« 
several  connected  together  in  series.  A  thermopile  of  amimony- 
bismuth  junctions  gives  a  stronger  current  for  a  given  difference  of 
temperature  than  the  same  number  of  German  silver-iron  couples,  but 
from  its  brittle  nature  is  otherwise  less  convenient. 

The  direction  of  the  current  in  the  circuit  is  such  that  it  posse* 
through  the  heated  junction  from  bismuth  to  antimony,  and  fruni 
copper  or  German  silver  to  iron.  Knowing  this  dinection,  ire  are 
aware  of  the  chanj<es  of  temperature  which  take  place  from  the  movt^ 
ments  of  the  mirror  of  the  gah-anometer  with  which  the  pile  is  con- 
nected. The  gaU*anometer  must  be  of  low  resistance,  since  ihf 
electromotive  force  of  the  thermo-electric  currents  is  small,  andj_ 
high  resistance  would  cut  down  their  intensity  too  much. 


"  A.  ft  sin^  coppff- 

iron  thfrmo  •  dediK 
couple  :  B,  two  («a 
one  insetted  into  Ik 
tissue  h.  the  otbrr  di^ 
pii^  into  water  ta  i 
b««k«r  a.  The  KB- 
pCTftturc  of  the  «i» 
\wnf  bcadjustM  »tk« 
thf  galv.inometerd0ffi 
no  deflection,  Tbewo- 
pemtiuT  of  ihe  tiiv 
IS  then  the  sune  u  ^ 
of  the  water. 


The  muscle  which  is  to  be  excited  is  brought  into  1 
contact  with  one  junction  or  set  of  junctions,  the  other  1 
being  kept  at  constant  temperature  by  immersing  them 
water,  or  covering  them  with  muscle  that  is  not  to 
stimulated.  The  image  will  now  come  to  rest  on  the  scale; 
and  excitation  of  the  muscle  will  cause  a  movement  indiat- 
ing  an  increase  of  temperature  in  it,  the  amount  of  wh»* 
can  be  calculated  from  the  deflection. 

In  this  way  Helmholtz  cbser\*ed  a  rise  of  temperature  ot 
•14°  to  '18'  C.  in  excised  frogs*  muscles  when  tetaniiedfora 
couple  of  minutes. 

Heidenhain,  with  a  very  delicate  pile,  found  a  rise  of 'Oof 
to  "005°  C.  for  a  single  contraction  of  a  frog's  muscle.  On 
the  assumption  that  the  pile  had  time  to  take  on  tbe 
temperature  of  the  muscle  before  there  was  any  appreciable 
loss  of  heat,  this  would  be  equal  to  the  production  by  eve 
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gramme  of  muscle  of  a  thousandth  to  five-thousandths  of  a 
small  calorie  (p.  420)  of  heat.  From  Pick's  observations  we 
may  take  about  three-thousandths  of  a  small  calorie  as  the 
maximum  production  of  a  gramme  of  frog's  muscle  in  a 
single  contraction. 

It  is  certain  that  when  work  is  done  by  a  muscle  an  equi- 
valent amount  is  subtracted  from  its  sum-total  of  energ)', 
and  we  might  therefore  expect  that  the  heat  produced  in 
contraction  should  diminish  as  the  work  increases.  But 
experiment  does  not  fulfil  this  expectation.  The  manner 
and  the  rate  of  its  expenditure  of  energy  depend  upon  the 
conditions  under  which  the  muscle  is  placed.  The  mere 
stretching  of  a  muscle  increases  its  metabolism,  and  there- 
fore its  heat-production ;  and  a  stretched  muscle,  when 
caused  to  contract,  produces  more  heat  than  if  it  had  started 
without  tension,  and  still  more  heat  when  it  is  fixed  so  that 
it  cannot  shorten  during  stimulation.  This  last  fact  does 
not,  however,  prove  that  the  heat-production  is  greater 
when  no  work  is  done,  because  the  tension  increases  during 
excitation  when  contraction  is  prevented,  and  we  know  that 
increase  of  tension  alone  causes  more  heat  to  be  given  out. 
For  example,  more  heat  is  produced  by  a  muscle  when  it 
contracts  isometrically  than  when  it  contracts  isotonically. 

When  a  muscle,  excited  by  maximal  stimuli,  is  made  to 
lift  continuously  increasing  weights,  both  the  work  done  and 
the  heat  given  out  increase  up  to  a  certain  limit.  The 
muscle,  as  it  were,  burns  the  candle  at  both  ends.  This 
would  be  of  itself  enough  to  show  that  there  is  no  fixed 
relation  between  the  work  and  the  heat-production;  although 
the  latter  reaches  its  maximum  somewhat  sooner  than  the 
former. 

We  have  already  seen  that  when  a  muscle  is  cooled,  or 
fatigued,  or  poisoned  with  veratria  or  with  suprarenal  extract, 
the  stress  of  the  change  falls  chiefly  upon  the  relaxation. 
This  indicates  that  the  relaxation  is  by  no  means  a  mere 
elastic  recoil,  but  a  physiological  process  as  important  as 
the  contraction  itself;  and  this  conclusion  is  strengthened 
by  the  fact  we  have  now  to  mention,  that  not  only  is  heat 
produced  during  the  actual  shortening,  but  ;v.ho  d^utv^^  >;;t^^ 
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re]ax£(tion.  If  a  muscle  is  allowed  to  contract  without 
raising  any  weight,  and  is  loaded  just  at  the  top  of  its  lift. 
so  that  the  load  acts  only  during  relaxation,  more  heat  is 
produced  than  when  no  weight  is  applied:  and  the  heavier 
the  weight,  the  greater  is  the  heat-production.  This  result 
seems  to  invalidate  an  experiment  which  has  been  quoted 
as  proof  that  the  work  done  by  a  muscle  is  represented  by  a 
deficit  in  the  heat-production,  as  compared  %vith  that  of 
another  muscle  contracting  under  the  same  conditions, 
but  doing  no  work.  Fick  allowed  a  muscle  to  raise  a 
weight,  which  was  either  removed  at  the  height  of  the  con- 
traction, or  permitted  to  descend  again  with  the  muscle  during 
relaxation.  In  the  first  case  external  work  was  done,  for 
the  weight  caught  at  the  top  of  the  '  lift  *  could  be  allowed 
to  fall  again  to  its  old  level  and  do  work  in  its  descent.  In 
the  second  case  no  work  was  transferred  beyond  the  muscle 
Now,  Fick  actually  found  that  the  heat  produced  was 
greater  in  the  second  case  than  in  the  first ;  and  he  argued 
from  this  that  when  a  muscle  does  work,  an  equivalent 
quantity  of  energy  is  subtracted  from  that  which  would 
otherwise  appear  as  heat.  But  the  mere  fact  that  one  of 
the  muscles  was  loaded  during  relaxation  might  account  for 
the  difference,  as  the  load  would  increase  the  heat-produc- 
tion during  the  descent,  apart  from  the  transformation  of  its 
lost  energy  of  position  into  heat  through  the  *  shattering*  of 
the  muscle. 

The  fraction  of  the  total  energj'  transformed  which 
appears  as  muscular  work,  varies  with  the  conditions  of  the 
contraction.  The  greater  the  resistance,  the  larger  is  the 
proportion  of  the  energy  which  appears  as  work,  the  smaller 
the  proportion  which  appears  as  heat ;  but  even  in  the  most 
favourable  case,  an  excised  frog's  muscle  never  does  work 
equal  to  more  than  \  of  the  heat  given  off.  Generally  the 
ratio  is  much  less,  and  may  sink  as  low  as  ^.  In  the  intact 
mammalian  body  it  is  probable  that  the  muscles  work  at 
least  as  economically  as  the  excised  frog's  muscle  under 
the  most  favourable  conditions;  for  both  experiment  and 
calculation  show  (p.  430)  that  in  a  normal  man  not  less  than 
i,  nor  much  more  than  J,  of  the  whole  energy  transformed 
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the  body  is  converted  into  work.  But  in  any  case  the 
at  -  producing  mechanism  and  the  work  -  producing 
Bechanism  of  muscle  are  certainly  in  some  respects 
listioct,  and  a  variation  in  the  activity  of  the  one  is  not 
cessarily  associated  with  a  corresponding  variation  in  the 
ivity  of  the  other. 

(4)  Chemical  Phenomena  of  the  Muscular  Contraction. — We 
yet  know  but  little  regarding  the  chemical  composition 
Flivmg  muscle,  and  are  unlikely  ever  to  know  much,  since 
Dost  chemical  operations  cause  the  immediate  death  of  the 
ae 

The  ci>mp<isition  of  dead  mammalian  muscle  may  be  stated^ 
roQnd  numbers,  as  follows,  but  there  are  considerable 
itions,  even  within  the  same  species. 

Water       75  percent. 

(Proteids 20      „ 
Fats          ...       2 
\  HypoxatUhm 
Inosit 
Salts  chiefly  carbonate  and  phosphate  of  potassium,  less  than 
I  per  cent. 

There  is  more  water  in  the  muscles  of  young  than  of  old 
animals  (v.  Bibra).  and  more  in  tetanized  than  in  rested 
muscle  (Ranke).  The  fats  probably  belong  only  to  a  small 
«lent,  if  at  all,  to  the  actual  muscle-fibres.  In  lean  horse- 
flesh PflUger  found  only  0*44  per  cent,  of  fat,  0*35  per  cent, 
of  glycogen,  and  no  sugar  at  all.  The  total  nitrogen  was 
j'ii  per  cent,  of  the  moist  tissue. 

It  would  be  natural  to  expect  that  the  proteids.  which 
balk  so  largely  among  the  solids  of  the  dead  muscle,  and 
Which  are  so  obviously  important  in  the  living  muscle, 
should  be  affected  by  contraction.  But  up  to  the  present 
lime  no  quantitative  difference  in  the  proteids  of  resting 
md  exhausted  muscle  has  ever  been  made  out.  The 
following  chemical  changes,  however,  have  been  definitelj 
established.     In  an  active  muscle — 
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{a)  More  carbonic  acid  is  produced. 
{d)  More  oxygen  is  consumed. 
(c)  Sarcolactic  acid  is  formed. 
(f/)  Glycogen  is  used  up. 

(tf)  The  substances  soluble  in  water  diminish  m  amouotl 
soluble  in  alcohol  increase. 

That  the  carbonic  acid  is  not  formed  by  direct  oxidati 
but  by  the  splitting  up  of  a  substance  or  substances  wit' 
which  the  oxygen  has  previously  combined,  is,  as  has  aire; 
been  shown  (pp.  203,  205,  20S),  highly  probable.  For 
recapitulate)  id)  no  free  oxygen  exists  in  muscle.  None  can 
be  pumped  out.  {b)  A  muscle  isolated  from  the  body  wii 
go  on  contracting  for  a  long  time  in  an  atmosphere  devo|| 
of  oxygen,  e.g,,  in  an  atmosphere  of  hydrogen,  (ct  MTien 
artificial  circulation  is  maintained  through  isolated  muscles 
the  amount  of  carbonic  acid  gas  produced  does  not  mn 
parallel  with  the  quantity  of  oxygen  consumed.  The  Utter 
is  dependent  on  the  temperature  of  the  muscle,  being  increased 
when  the  muscle  is  heated,  diminished  when  it  is  cooW. 
The  production  of  carbonic  acid,  on  the  contrary,  is,  within 
a  wide  range,  independent  of  the  temperature. 

FormatioD  of  Sarcolactic  Acid.  —  Beaction  of  Kosole.— To 
litmus  paper  fresh  muscle  is  amphicroic,  that  is,  it  tarns  red 
litmus  blue  and  blue  litmus  red.  This  is  due,  partly  at  least. 
to  the  phosphates.  Monophosphate  (tribasic  phosphoric 
acid  in  which  one  hydrogen  atom  is  replaced,  say  by  sodion 
or  potassium)  reddens  blue  litmus,  while  diphosphate  (where 
two  hydrogen  atoms  are  replaced)  turns  red  litmus  blue 
And  since  the  addition  of  an  alkali  changes  some  of  tbc 
monophosphate  into  diphosphate,  and  the  addition  of  an 
acid  brings  about  the  reverse  effect,  liquid  containing  ^h<& 
phates  cannot  be  made  neutral  to  litmus.  It  is  tberefort 
much  better,  in  testing  the  reaction  of  muscle,  to  fls 
litmoid  or  turmeric  paper  or  phenolphthalein.  Liimoi 
differs  from  litmus  in  not  being  affected  by  monophosphate 
Diphosphates  turn  red  litmoid  blue  (Rohmann). 

A   cross  -  section   of    fresh    muscle  is  about   neutral 
turmeric  paper  (sometimes  faintly  acid)   while   that  of 
rigid  or  tetani2ed  muscle  is  distinctly  acid,  brown  tunner; 
being  turned   strongly  yellow.     The   sarcolactic  acid  pre 


[doced  in  ngo^na  activity  is  at  once  neutralized,  as  is  shown 
h-  the  fact  that  blue  litmoid  paper  is  not  reddened,  as  it 
would  be  by  free  sarcolactic  acid.  The  neutralization  takes 
place  at  the  expense  of  the  sodium  carbonate  and  disodium 
phosphate,  the  latter  being  changed  into  monophosphate, 
which,  in  part  at  least,  causes  the  acid  reaction  to  turmeric 
(Rohmann). 

Glycogen    is   the   one    solid    substance   which    has   been 
defiaitely  proved  to  diminish  in  muscle  during  activity.     It 
accumulates  id  a  resting   muscle,   especially  in   a   muscle 
whose  motor  nerve  has  been  cut ;  rapidly  disappears  from 
the  muscles  of  an   animal   made  to  do  work  while  food  is 
withheld ;  or  &om  the  muscles  of  an  animal  poisoned  by 
whnia,  which  causes  violent  muscular  contractions. 
What   substance   is  the   sarcolactic  acid   formed    from  ? 
From  what  we  know  of  the  production  of  lactic  acid  both 
tside  the  body  and  in  the  intestine  from  carbo-hydrates, 
;  might  seem  a  most  plausible  suggestion  that  in  the  active 
Qsde  it  comes  from  glycogen.     But  aJl  the  evidence  points 
we  other  way ;  e.f(.,  in  rigor  mortis  sarcolactic  acid  is  pro- 
I'doced  just   as  in  muscular  contraction.     Not  only  so,  but 
[according  to  Ranke  every  isolated   muscle  has  a  certain 
maximum  of  aciditj',  which   it  reaches  either  through  con- 
traction, or  through  rigor,  or  through  contraction  followed 
I'y  rigor.   Yet  in  rigor  mortis  the  quantity  of  glycogen  is  un- 
altered (Boehm).   The  probability  is  that  the  sarcolactic  acid 
is  formed  from  proteid,  perhaps  by  the  action  of  a  ferment. 

SottTce  of  the  Energy  of  Muacular  Contraction. — The   facts 

just  mentioned  show   that  glycogen   may  be  one  of  the 

sources  of    muscular  energy,   but   it   cannot   be   the   only 

source,  for  its  amount  is  too  small.     For  example,  the  heart 

of  aa  average  man,  which  weighs  2S0  grammes,   contains 

*bout  60  grammes  solids,  and  among  these  not  more  than 

''5  grammes  glycogen.     In  twenty-four  hours  it  produces, 

^*en  on  a  low  estimate,  at  least  300,000  calories  of  heat, 

univalent   to  the  complete   combustion  of  more   than   70 

^'^nimes  of  glycogen.    To  supply  this  amount  the  whole 

store  of  glycogen  in  the  heart  would  have  to  be  used  and 

^^Placed  every  half-hour.     But  the  accumulation  of  glycogen 
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is  immeasely  slower  in  the  muscles  of  a  rabbit  made  glycogefr- 
free  by  str^'choia,  and  therefore  we  have  to  look  around  for 
some  other  source  of  energy  to  supplement  the  glycogen. 
We  have  already  brought   fonvard  evidence  (p.  401}  that, 
under  ordinary  circumstances^  not  a  great  deal,  at  any  rate, 
of  the   energy  of    muscular  contraction   comes   from  the 
proteids.     Of  carbohydrates,  the  only  one  except  glycogen 
which  is  at  all  adequate  to  the  task  of  supplying  so  mudi 
energy  is  the  glucose  of  the  blood.     The  quantity  of  blood 
passing  through  the  coronary  circulation  has  been  estimated 
at  30  cc.  per  100  grammes  of  cardiac  muscle  per  minute 
(Bohr  and   Henriques),  which  would  be  equivalent  for  ao 
average  man  to  about  120  litres  in  twenty-four  hours.    ThJi 
quantity   of  blood   will   contain   at   least    150  grammes  rf 
glucose,  and  So  grammes  will  suffice  to  supply  all  the  hnl 
produced   by   the   heart.      Of   proteids   a   little   less  thw 
70  grammes  would   be  needed,  of  fat  about  30  grammtl 
We  see  therefore  how  intense  must  be  the  metabolism  tlut 
goes  on  in  an  actively  contracting  muscle.     On  anyprobabl* 
assumption  as  to  the  source  of  muscular  energy  a  quantiiy 
of  material  equal  to  the  whole  of  its  solids  must  be  used  op 
by  the  heart  in  twenty-four  hours.     Or,  to  put  it  in  another 
way,  the  hcari  nqiiira  not  Usi  than  half  its  weighty  posiibly  itt 
weighty  of  ordinary  solid  food  in  a  day.    The  body  as  a  whole 
requires  ^V  to  t*ff  of  its  weight. 

To  sum  up  :  It  is  universally  admitted  that  carbohydnto 
can  yield  energy  for  muscular  work.  It  has  been  denwE- 
strated  by  Zuntz  and  his  pupils  and  by  others  that  fat  cm 
do  so.  The  experiments  of  PflOger,  to  which  we  hart 
already  alluded  <p.  401)  have  shown  that  when  an  animal 
is  fed  on  lean  meat,  the  muscular  work  done  is  far  IM 
great  to  have  come  from  non-proteid  substances.  We 
must  conclude,  therefore,  that  when  carbohydrates  and  £k* 
are  plentiful  in  the  food,  the  greater  part  of  the  energy  0^ 
muscular  contraction  comes  from  them  ;  it  comes  on  the 
other  hand  from  proteids,  when  the  carbohydrates  and  the 
fats  are  restricted,  and  the  proteids  plentifully  supplied' 
Not  only  so,  but  these  three  groups  of  food  substaBci 
yield  muscular  enei^^- m  i^A^nawxtttVaWtrtv.    \'cv^v'a.«  woi 
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a  given  amount  of  muscular  work  requires  the  expenditure 
of  approximately  the  same  quantity  of  chemical  energy, 
whether  it  comes  almost  entirely  from  proteid,  or  chiefly 
from  carbohydrates,  or  chiefly  from  fat.  And  this  is  what 
we  should  expect  in  a  machine  like  the  animal  body,  endowed 
with  such  a  mar\'ellous  power  of  adaptation,  of  making  the 
best  of  everything. 

Rigor  Mortis. — When  a  muscle  is  dying  its  excitability, 
after  perhaps  a  temporary  rise  at  the  beginning,  diminishes 
more  and  more  until  it  ultimately  responds  to  no  stimulus, 
however  strong.  The  loss  of  excitability  is  not  in  itself  a 
sure  mark  of  death,  for,  as  we  have  seen,  an  inexcitable 
muscle  may  be  partially  or  completely  restored,  but  it  is 
followed,  or,  where  the  death  of  the  muscle  takes  place 
very  rapidly,  perhaps  accompanied  by  a  more  decisive 
event,  the  appearance  of  rigor.  The  muscle,  which  was 
before  soft  and  at  the  same  time  elastic  to  the  touch, 
becomes  firm  ;  but  its  elasticity  is  gone.  The  fibres  are  no 
longer  translucent,  but  opaque  and  turbid.  If  ^ortening 
of  the  muscle  has  not  been  opposed,  it  will  be  somewhat 
contracted,  although  the  absolute  force  of  this  contraction 
is  small  compared  with  that  of  a  living  muscle,  and  a  slight 
resistance  is  enough  to  prevent  it.  The  reaction  is  now 
distinctly  acid.  This  is  rigor  mortis,  the  death-stiffening  of 
muscle. 

An  insight  into  the  real  meaning  of  this  singular  and 
sometimes  sudden  change  was  first  given  by  the  experiments 
of  KUhne.  He  took  living  frog's  muscle,  freed  from  blood, 
froze  it,  and  minced  it  in  the  frozen  state.  The  pieces  were 
then  rubbed  up  in  a  mortar  with  snow  containing  i  per  cent, 
of  common  salt,  and  a  thick  neutral  or  alkaline  liquid,  the 
muscle-plasma,  was  obtained  by  filtration.  This  clotted 
into  a  jelly  when  the  temperature  was  allowed  to  rise,  but 
at  o'  C.  remained  fluid.  The  clotting  was  accompanied  by 
a  change  of  reaction,  the  hquid  becoming  acid.  An  equally 
good,  or  better,  method  is  to  use  pressure  for  the  extraction 
of  the  plasma  from  the  frozen  fragments  of  muscle.  A  low 
temperature  is  essential,  otherwise  the  plasma  will  coagulate 
rapidly  within  the  injured  fibres. 
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A  similar  plasma  can  be  expressed  from  the  skeletal 
muscles  of  warm-blooded  animals  i Halliburton),  and  with 
greater  difificulty  from  the  heart-  Attempts  to  obtain  it 
from  smooth  muscle  have  hitherto  failed,  possibly  because 
of  the  unfavourable  anatomical  conditions. 

When  the  muscle,  after  exhaustion  with  water,  is  covered 
with  a  solution  of  a  neutral  salt»  a  5  per  cent,  solution  of 
magnesium  sulphate  or  10  per  cent,  solution  of  ammoniun 
chloride  being  probably  the  best»  a  proteid  passes  into 
solution,  which  is  identical  with  the  myosin  of  the  clotted 
plasma.  If  the  solution  is  diluted  it  clots  just  as  the  musd^ 
plasma  clots,  and  the  clot  can  be  dissolved  and  reproduced 
at  will  (Practical  Exercises,  p.  551).  The  addition  of  potu- 
sium  oxalate  does  not  prevent  coagulation  of  muscle- 
extracts,  as  it  does  of  blood  and  blood-plasma. 

From  all  this  we  gather  that  rigor  mortis  is  essentially* 
clotting  or  coagulation  of  a  substance  which  yields  myosia. 
What  this  substance  is  we  cannot  tell.  Some  have  $tt(^ 
posed  that  in  the  living  muscle  there  exists  a  body,  m^ 
sittogen,  which  is  the  direct  precursor  of  the  myosin  in  tbe 
muscle-clot  or  within  the  fibres  in  rigor  mortis,  and  which  ti 
related  to  it  as  fibrinogen  is  related  to  fibrin  in  the  clotting 
of  blood.  It  has  even  been  assumed  that  this  ver)-  myosip- 
ogen  is  formed  when  myosin  is  dissolved  in  a  salt  solution:  bu! 
this  hypothesis  is  perhaps  not  backed  by  sufiBcient  evideoce^ 

Why  does  coagulation  of  myosin  occur  at  the  death  of 
the  muscle  ?  To  this  question  no  clearer  answer  can  be 
given  than  to  the  question  why  blood  clots  when  it  \s  sbed 
Just  as  a  fibrin  ferment  is  developed  when  blood  begins  to 
die,  a  myosin  ferment,  which  aids  coagulation,  appears  to 
be  developed  in  dead  or  dying  muscle. 

It  has  been  suggested  that  myosin,  sarcolactic  acid  and 
carbon  dioxide,  are  all  products  of  some  complex  body 
which  breaks  up  both  at  the  death  of  the  muscle,  ifld 
during  contraction,  and  that,  indeed,  contraction  is  oaly  1 
transient  and  removable  rigor  (Hermann).  According  to 
Hoppe-Seyler,  it  is  greatly  against  this  view  that  neither 
rigor  mortis  nor  xVie  t-xAxacUoo.  of  the  myosin  with  sail 
solution    alters  t\ie  Aom\>V^  xeSx-aKXvst  ^xi^i^v^w^ft., '*^»s!s^  *6. 
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almost  universally  looked  upon  as  the  essentially  contractile 
part  of  the  muscle.  Danilewski  and  others,  however,  have 
stated  that  the  doubly  refractive  discs  contain  myosin.  A 
great  deal  of  the  muscle  substance  remains  after  the  myosin 
has  been  extracted  as  fully  as  possible  by  repeated  ex- 
haustion with  the  salt  solution.  A  dilute  acid  solution 
(*i  per  cent.  HCI,  e,g^  may  dissolve  out  ten  times  as  much 
substance  from  muscle  as  a  10  per  cent,  solution  of  sodium 
chloride.  Dilute  acids  or  alkalies  turn  all  the  coagulable 
proteids,  myosin  included,  into  acid  or  alkali-albumin. 

Although  it  cannot  be  admitted  that  there  is  any  funda- 
mental connection  between  rigor  and  contraction,  there  are 
some  super6cial  resemblances.     In  both  there  is 

1,  Shortening.  3,  Formation  of  fixed  acid  and  COf. 

2.  Heat-production.  4.  An  clecurical  change  (p.  556). 

Another  analogy  might  be  forced  into  the  list  by  anyone  who 
was  determined  to  see  only  rigor  in  contraction  :  the  rigor 
passes  off  as  the  contraction  passes  off,  although  the  '  resolu- 
tion'of  a  rigid  muscle  takesdays,  the  relaxation  of  an  active 
muscle  a  fraction  of  a  second.  The  disappearance  of  rigor  is 
not  dependent  on  putrefaction  ;  it  takes  place  when  growth 
of  bacteria  is  prevented  (Hermann). 

Various  influences  affect  the  onset  of  rigor.  Fatigue 
hastens  it ;  heat  has  a  similar  effect ;  the  contact  of  caffeine, 
chloroform  and  other  drugs  causes  most  pronounced  and 
immediate  rigor.  Hlood  applied  to  the  cross-section  of  a 
muscle  lirst  stimulates  the  iibres  with  which  it  is  in  contact, 
and  then  renders  them  rigid.  But  it  is  to  be  remembered 
that  normally  the  blood  does  not  come  into  direct  contact 
even  with  the  sarcolcmma,  much  less  with  its  contents. 

The  effect  of  heat  is  of  special  interest.  A  skeletal  muscle 
of  a  frog,  hke  the  gastrocnemius,  if  dipped  into  normal  saline 
solution  at  40"  or  41*  C.  goes  into  rigor  at  once ;  the  frog's 
heart  requires  a  temperature  3'  or  4'  higher  ;  the  distended 
bulbus  aortai  can  stand  even  a  temperature  of  48"  for  a  short 
time.  An  excised  mammalian  muscle  passes  into  immediate 
rigor  at  45'  to  5o^  In  heat  rigor  the  reaction  of  the  muscle 
becomes  strongly  acid,  and  the  acidity  is  due  to  a  fixed  acvA 
(sarcolactic),  not  to  carbon  dioxide,  aVt\ioug)\  V\vt  ^to^>iO\o'cv 
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oi  the  latter  is  greatly  iBcreased.  A  sonll  qoaotfty  of 
is  produced,  and  the  tempeimtare  of  tlic  nnisde  may  be 
raised  as  mocb  as  ^'  C.  This  is  probably  doe  chiefiy  to  the 
iDcreased  cbemicaJ  change,  and  ooiy  to  a  sh^t  extent  to  the 
physical  aheration  in  the  myosiiu  Heat  rigor  is,  in  ^ct,  a 
greatly  accderated  ri^or  moctis,  and  the  m^-osio,  although 
clotted,  is  not  rendered  insolable  like  a  beat-coagulated 
proteid  (p.  552). 

When  i^DscIe  is  suddenly  raised  to  a  tempemtiire  of  75' 
to  100'  C-,  we  have  qaite  a  different  series  of  events.  There 
is  no  acid  reaction,  no  evolotioa  of  carbonic  acid ;  the 
muscle  is  indeed  rigid,  but  tme  rigor  has  not  taken  place, 
and  the  rigidity  is  due  to  coagulation  of  the  proteids  by  heat 
Rigor  is  a  change  which  cannot  go  on  when  once  the  com- 
paratively mobile  substance  of  the  li\*ing  muscle,  or  of  the 
muscle  in  the  act  of  dying,  has  been  converted  into  the 
stable  form  of  coagulated  proteid.  No  sarcolactic  acid  is  pro- 
duced in  scalded  muscle,  perhaps  because  the  acid-forming 
ferment  (p.  511)  is  killed  by  the  high  temperature.  The  so- 
called  rigor  caused  by  alcohol  and  by  acids  is  a  coagulation 
of  the  proteids,  and  not  true  rigon  No  heat  is  produced, 
and  no  carbonic  acid  given  off. 

In  a  human  body  rigor  generally  appears  not  earlier 
than  an  hour,  and  not  later  than  four  or  five  hours,  after 
death.  In  exceptional  cases,  however,  it  may  come  on  at 
once,  and  the  annals  of  war  and  cnme  contain  instances 
where  a  man  has  been  found  after  death  still  holding  with  a 
firm  grip  the  weapon  with  which  he  had  fought,  or  which 
had  been  thrust  into  his  hand  by  his  murderer.  It  is  related 
that  after  one  of  the  battles  of  the  American  Revolutionary' 
War  some  of  the  dead  were  found  with  one  eye  open  and 
the  other  closed  as  in  the  act  of  taking  aim.  A  high  tem- 
perature favours  a  rapid  onset ;  a  body  wrapped  up  in  bed 
will,  other  things  being  equal,  become  rigid  sooner  than  a 
body  lying  stripped  in  a  field.  Muscular  exhaustion,  as  we 
have  said.  Is  another  favouring  condition  :  hunted  animals 
and  the  victims  of  wasting  diseases  go  quickly  into  rigor. 
It  is  a  rule,  but  not  an  invariable  one,  that  rigor,  when  it 
conjcs  on  quickly,  is  short,  and  lasts  longer  when  it  comes 
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1  late.     AU  the  muscles  of  the  body  do  not  stiffen  at  the 

|me  time ;    the  order  is  usually  from  above  downwards, 

ginning  at  the  Jaws  and  neck,  then  reaching  the  arms  and 

ily  the  legs.    After  two  or  three  days  the  rigor  disappears 

t  the  same  order.     The  position  of  the  limbs  in  rigor  is  the 

:  as  at  death  ;  the  muscles  stiffen  without  contracting. 

can  be  strikingly  shown  on  a  newly-killed  animal  by 

Itting  the   tendons  of  the  extensors  of  one  leg   and   the 

xors  of  the  other;  when  natural  rigor  comes  on  the  legs 

nain   just   as   they  were.      If    heat    rigor,   Ijowever,    is 

1,  the  one  leg  becomes  rigid  in  flexion  and  the  other 

i  extension. 

,Bie  Eemovability  of  Eigor. — It  has  been  asserted  that 
or  can  be  removed  and  excitability  restored.  After  in- 
upting  the  circulation  in  the  hind-legs  of  rabbits  by  com- 
sion  or  ligation  of  the  abdominal  aorta,  and  so  causing 
muscles  to  become  rigid,  Brown-S^quard  saw  them 
Dver  their  irritability  when  the  blood  was  again  allowed 
I  reach  them.  He  performed  a  similar  experiment  with 
lificiaJ  circulation  through  the  hand  of  an  executed 
linal,  and  got  a  like  result.  But  grave  doubt  has  been 
•cast  upon  these  experiments  by  later  observations,  and  it  is 
bow  almost  universally  believed  that  no  really  rigid  muscle 
was  ever  been  restored,  and  that  the  apparent  recovery 
*hich  Brown-Sequard  saw  was  due  to  the  muscles  not 
having  been  completely  rigid.  Heubel  has,  however,  stated 
^liat  the  rhythmical  contractions  of  the  frog's  heart  can  be 
restored  by  blood,  after  rigor  has  been  caused  by  heat  and 
'O  other  ways  ;  and  although  wc  cannot  transfer  these  results 
directly  to  skeletal  muscle,  they  would  show,  if  confirmed, 
at  the  question  is  not  yet  closed. 


CHAPTER  X. 
HERVE. 

The  voluntary  movements  are  originated  by  impulses! 
the  brain,  which  reach  the  muscles  along  their  motor  ne 
The  involuntary  movements  are  in  many  cases  able  to  goj 
in  the  absence   of  central   connections,  but  are   nor 
under  central  control.     Everywhere  the  connection  betwe 
the   brain   and   cord   and  the   peripheral   organs,  be  {hef\ 
muscles,  glands,  or  sensory  mechanisms,  is  made  by  nerv* 
fibres;  and  these  are  called  peripheral  nerve-fibres  to  dis- 
tinguish them  from  the  fibres  of  the  central  nervous  S}'St<0  J 
itself. 

An  ordinary  peripheral  nerve  like  the  sciatic  is  made  up  rfj 
number  of  bundles  of  nerve-fibres.      Connective  tissue  sur 
and  separates  the  bundles,  and  also  penetrates  in  fine  septa  i 
ihem  and  between  the  individual  fibres,  forming  a  fraraeworitl 
their  support,  and  carrying  the  bloodvessels  and  lymphatics. 

Kach  medullated  nerve-fibre  (Plate  V.  i),  consists  of  two  shodlj 
enclosing  an  axis  cylinder,  which  runs  from  end  to  end  of  it  will 
break,  and  is  connected  centrally,  either  direcdy  or  indirectly, ) 
a  nerve-eel).     The  axis  cylinder  is  the  essential  conducting  [ 
the  fibre,  for  it  is  present   in   ever)'  nerve-fihre,  and  towjud(] 
periphery  it  is  alone  present.    The  innermost,  and  by  far  the  Ibid 
of    the   sheaths   is   the   medullary   sheath,  or  while   substano 
Schwann,  which  is  of  fatty  nature,  and  is  blackened  by  osmki 
It  undergoes  a  kind  of  coagulation  at  death,  loses  its  homogeticifi 
and  shows  a  double  contour.     This  sheath  is  not  continuous,  btit«  ' 
broken  by  constrictions  of  the  outer  sheath,  called  nodes  of  Ranw 
into   numerous  segments.     The  outer  sheath,  or  ncurilemnia,  iit 
thin,  structureless  envelope  immediately  external  to  the  medulk 
invests  the  nerve-ftbTt,  as  t.ht  sarcolemma  does  the  muscle-6bce.jj 
each  inlernodal  se^menX  \u\TC\c^\^VtVi  \n\^«  "Cat  Tv^^»:-^JeG&3Qaa.  1 
nucleus  surrounded  \^v  a  V\\v\e  v^^^^'^'**^'^-   '^V^^i^^'^  ^Sra»^ 
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as  those  described  are  by  far  the  most  numerous  in  the  cerebro- 
spinal nerves  ;  but  they  are  mixed  with  a  few  fibres  which  contain 
no  white  substance  of  Schwann,  and  are,  therefore,  called  non- 
medullated  (Plate  V.  i).  In  these  the  axis-cylinder  is  covered  only 
by  the  neurilemma.  In  the  sympathetic  system  the  non-medullated 
variety  is  present  in  greater  abundance  than  the  medullaied.  In 
the  central  nervous  system  the  medullated  fibres  possess  no  neuri- 
lemma. 

So  far  as  we  know,  the  only  function  of  nerve-fibres  is  to 
conduct  impulses  from  nerve-centres  to  peripheral  organs, 
or  from  peripheral  organs  to  nerve-centres,  or  from  one 
nerve-centre  to  another.  And  in  the  normal  body  these 
impulses  never,  or  only  very  rarely,  originate  in  the  course 
of  the  nerve-tibres ;  they  are  set  up  either  at  their  peripheral 
or  at  their  central  endings.  By  artificial  stimulation,  how- 
ever, a  nerve-impulse  may  be  started  at  any  part  of  a  fibre, 
just  as  a  telegram  may  be  despatched  by  tapping  any  part  of 
a  telegraph  wire,  although  it  is  usually  sent  from  one  fixed 
station  to  another. 

The  Kerve- impulse :  its  Initiation  and  Conduction. 

What  the  nerve-impulse  actually  consists  in  we  do  not 
know.  All  we  know  is  that  a  change  of  some  kind,  of  which 
the  only  external  token  is  an  electrical  change,  passes  over 
the  nerve  with  a  measurable  velocity,  and  gives  tidings  of 
itself,  if  it  is  travelling  along  efferent  fibres  (that  rs,  out  from 
the  central  nervous  system),  by  the  contraction  or  inhibition 
of  muscle  or  by  secretion ;  if  it  is  travelling  along  afferent 
fibres  (that  is,  up  to  the  central  nervous  system),  by  sensa- 
tion, or  by  reflex  muscular  or  glandular  effects. 

Whether  the  wave  which  passes  along  the  nerve  is  a  wave 
of  chemical  change,  or  a  wave  of  mechanical  (molecular) 
change,  there  is  no  definite  experimental  evidence  to  decide. 

That  chemical  changes  go  on  in  living  nerve,  we  need  not 
hesitate  to  assume;  and,  indeed,  if  the  circulation  through 
a  limb  of  a  warm-blooded  animal  be  stopped  for  a  short 
time,  the  nerves  lose  their  excitability.  But  the  metabolism 
appears  to  be  very  slight  compared  with  that  in  muscle  or 
gland.  Even  in  active  nerve  no  measurable  production  of 
carbonic  acid  has  ever  been  observed,  not, '\n  l^cX,\va&  ^4sv^ 
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chemical  or  physical  difference  between  the  excited  and  the 
resting  state  ever  been  unequivocally  made  out.  Neither  in 
cold-blooded  nor  in  mammalian  nerves  does  there  seem  to 
be  any  sensible  rise  of  temperature  during  stimulation. 

Stimulation  of  Iferve.  —  With  some  differences,  the  same 
stimuli  are  effective  for  nerve  as  for  muscle  (p.  480) ;  but 
citemical  stimulation  is  not  in  general  so  easily  obtained.  In 
fact,  it  is  doubtful  whether  any  great  reliance  should  be  placed 
on  many  of  the  observations  hitherto  made  with  this  mode 
of  excitation.  For  it  has  been  shown  that  the  current  of 
rest  of  the  nerve  (p.  556),  when  a  short-circuit  is  formed  for 
it  by  a  drop  of  any  conducting  liquid  applied  to  a  fresh  cross- 
section  (the  usual  method  of  experimenting  on  chemical 
stimulation),  may  of  itself  cause  excitation  (Hering). 

Griitzner  uses  equimolecular  solutions  for  experiments  on  chemi- 
cal stimulation  ;  f.c,  solutions  which  contain  an  equal  number 
of  molecules  of  the  substances  to  be  tested  in  a  given  volume 
of  water.  He  has  found  that  for  motor  ncn-es  the  halogen 
salts  have  a  stimulating  power  in  the  order  of  their  molecular 
weights ;  ^.^•■.»  Nal  is  stronger  liian  NaBr,  and  NaBr  than  NaCl. 
Sensory  nerves  are  much  less  susceptible  to  chemical  stimulation. 
,Uile  or  bile  salts,  for  example,  which  stimulate  motor  ner\cs,  have 
I  no  effect  on  sensory.  A  sugar  solution,  which  excites  motor  nerves, 
does  not  alter  the  rate  of  respiration  when  applied  to  the  central  end  of 
the  vagus,  which,  however,  is  excited  by  potassium  chloride  (p.  1 78). 
In  non-narcotized  animals  reHex  secretion  of  saliva  is  caused  by 
stimulation  of  the  central  end  of  the  lingual  with  sodium  chloride 
(Wertheimer). 

Mechanical  stimulation  has  been  carried  to  great  perfection 
by  Heidenhain,  and  especially  by  Tigerstedt.  By  means  of 
an  instrument  invented  by  the  latter*  not  only  may  a  regular 
tetanus  be  obtained,  but  the  strength  of  the  stimulus  (fall 
of  a  weight)  can  be  graduated  with  fair  accuracy  within  a 
considerable  range.  He  found  that  the  smallest  amount  of 
work  spent  on  a  frog's  nerve  which  would  suffice  to  excite  it 
was  a  little  less  than  a  gramme-millimetre — that  is.  the  work 
done  by  a  gramme  falUng  through  a  distance  of  a  milli- 
metre. No  doubt  a  great  part  of  this  is  wasted,  as  a  much 
smaller  quantity  of  work  done  by  an  electrical  current, 
which  may  be  supposed  to  act  more  directly  on  the  excitable 
constituents,  suffices  to  stimulate  a  nerve.    Thus,  while  the 
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minimal  mechanical  stimulus  may  have  a  heat-equivalent  of 

about  -f  X  ^5  Rramme-degree,  the  heat-equivalent  of  the 

minimal    electrical     stimulus     may    easily    be     less     than 

-3-  X  — -^  gramme-degree,  or  one-millionth  part  of  the  former. 

A  kilogramme-degree  is  equivalent  to  424  kilogramrae-melres  of 
work  ;    therefore,    a  gramme-millimetre   of    work    is    equivalent    to 

gramrac-degree,   or,  say,  —  x  — ^  gramme-degree.     This 

corresponds  to  Tigersiedt's  minimum  mechanical  stimulus. 

A  piece  of  nerve  of  100,000  ohms  resistance  may  be  excited  by 
a  current  passed  for  j^jy  second  when  the  difference  of  potential 
between  its  ends  is  only  y^  of  a  volt.  Taking  the  work  done  in 
this  case  as  measured  by  the  heat  produced,  we  get  work  (W)  =  H 

=  ,■ '  where  E  is  the  electromotive  force,  /  the  time  of  flow  of  the 

current,  J  Joule's   equivalent,   and    R  the  resistance.      Expressing 
these  in  C.O.S.  (centimetre — gramme — second)  units,  we  have: 


\ioo'       too s=  -L       '_  ^^H 

lo'^x  10^  X  100,000     4'3     to>'*  ^^H 


w= 

4-2 

as  the  work  done  by  an  electrical  stimulus  sufficient  to  excite  a  nerve. 
S.  P.  I^ngleyhas  shown  that  the  work  done  by  the  minimal,  natural 
or  sptdjicy  stimulus  for  the  retina  (green  light)  may  be  as  little  as 

" — ;ere*:  #>.,  —  x-  ,-.  gramme-degree,  or  10,000  times  less  than 
ro"     *  4*2     10*^ 

the  minimal  electrical  stimulus,  on  our  assumptions,  for  the  naked 

nerve-trunk  of  a  frog.     But  these  assumptions  are  quite  rough,  and 

it  is  possible  that  the  energy  of  the  minimum  artificial  stimulus  is 

no  greater  than  that  of  the  minimum  natural  stimulus  of  the  retina. 

The  laws  of  electrical  stimulation  for  nerve  are  essentially 
the  same  as  those  we  have  already  discussed  for  muscle 
(p.  484).  The  voltaic  current  stimulates  a  nerve,  as  it  does 
a  muscle,  at  closure  and  opening,  and  not  in  general  during 
the  flow,  but  the  exceptions  to  this  rule  are  far  less  frequent 
in  nerve  than  in  muscle.  Induction  shocks  are  relatively 
more  powerful  stimuli  for  nerve  than  the  make  or  break  of 
a  voltaic  current.  The  opposite,  as  we  have  seen,  is  true  of 
muscle ;  and,  upon  the  whole,  we  may  say  that  muscle  is 
more  sluggish  in  its  response  to  stimuli,  and  is  excited  less 
easily  by  very  brief  currents,  than  nerve  is.  An  apparent 
*  Here  we  take  an  erg  as  equivalent  to  i^  %WkmTO^-c.wv>lvcwt\.t*« 
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illustration  of  this  difference  is  the  fact  that  the  nervous' 
excitation  has  no  measurable  latent  period,  whilejno&CDlar 
excitation  has.  But  it  is  quite  possible  that,  if  the  condi- 
tions of  experiment  were  as  favourable  in  nerve  as  in  muscle, 
a  sensible  latent  period  might  be  found  here  too.     _ 

In  nerve  as  in  muscle,  strength  of  stimulus  and  intensity 
of  response  correspond  within  a  fairly  wide  range,  when  we 
take  the  height  of  the  muscular  contraction  as  the  measure 
of  the  nervous  excitation.  Superposition  of  stimuli,  super- 
position of  contractions,  and  complete  tetanas,  are  caused  by 
stimulating  a  muscle  through  its  nerve,  just  as  by  stimulat- 
ing the  muscle  itself  (p.  498). 

The  excitability  of  nerve,  as  measured  by  the  muscular 
response  to  stimulation,  is  increased,  for  induction  shorlcs 
or  voltaic  currents  of  short  duration,  by  rise  of  temperature^ 
up  to  about  30'  C,  and  diminished  by  fall  of  temperatun 
It  has  been  lately  suggested  that  this  increase  of  excitabiliq 
is  only  apparent,  and  due  to  the  strengthening  of  the  curre 
by  diminution  of  the  resistance,  since  the  resistance  ofi 
animal  tissues,  like  that  of  electrolytic  conductors  in  gene 
diminishes  as  the  temperature  rises  (Gotch).    Cooling  of  tfa 
nerve,  even  to  5"  C,  increases  the  excitability  for  currents 
of  long  duration  (several  hundredths  of  a  second).    The* 
dnctivlty  for  the  nervous  impulse — that  is,  the  pow-er  oFj 
portion  of  the  nerve  to  conduct  an  impulse  set  up  elsewhe 
•—is  undoubtedly  increased  by  heat  and  diminished  by  cok 

Drj'ing  of  a  nerve  at  first  increases  its  excitability; 
the  same  is  true  of  separation  of  a  nerve  from  its  centB 
In  the  latter  case  the  increase  of  irritability  begins  at  At 
proximal  end  of  the  nerve,  and  travels  towards  the 
phery.     As  time  goes  on,  the  excitability  diminishes, 
ultimately  disappears  in  the  same  order  (Ritter-Valli  Uv 
At  a  certain  stage  it  may  be  found  that  a  given  stimuli 
causes  a  smaller  and  smaller  contraction  the  farther  do4 
the  nerve — that  is,  the  nearer  to  the  muscle — it  is  applied 
On  this  was  based  the  now  abandoned  *  avalanche  theon- 
according  to  which  the   impulse  continually  unlocked  ae* 
energy  as  it  passed  along  the  nerve,  and  so  gathered  stren^ 
in  its  course  like  an  avalanche. 


^ 


Eectrotonu*.—  Although  the  constant  current  does  not, 
unless  it  is  verj'  strong  or  the  nerve  very  irritable,  cause 
stimulation  durinj,'  its  passaf:;e,  it  modifies  profoundly  the 
excitability  and  conductivity  of  the  nerve.  (In  man  a 
certain  amount  of  tonic  contraction — galvanotonus  —  is 
normally  seen  during  the  passage  of  a  strong  current 
through  a    nerve.)      In  the  neighbourhood  of  the  kathode 


Fig.  155,— Dia'ikam  uFC'iiAN(iK->  ui'  l-,x*;iTAbii,irv  anh  c*.Mtuctivirv  i-kouuced 
IN  A  Nkrvk  by  a  Voltaic  Cukkent. 

E,  clianett  or  cKcitabillty  during  the  flow  of  the  cuireni,  according  to  PflUjrer.  The 
ordlnum  drawn  from  the  Ab$ciss.i  nxii  to  cut  (h«  curve  rcpmeni  ihi-*  Amount  of  the 
change.  C(t).  changes  of  conductivity  during  the  ftow  of  a  modcmtcly  strong  current. 
Conductivity  greatly  reduced  around  kathode  ;  lutle  aFTected  at  anode.  Cla),  changes 
of  conductivity  during  flow  of  a  very  !;trong  current.  Conductivity  reduced  both  in  anodic 
and  kaihodic  regions,  but  less  En  the  former.  C.  chnnges  uf  conductivity  just  after 
opcninff  a  inodemtely  strong  nirrenl.  Condnctivitv  grently  rmluced  in  region  which 
wiu  formerly  anodic  ;  little  aiTected  in  region  formerly  Kaihddic. 

the  excitability  is  increased  (condition  of  katelectrotonus), 
while  around  the  anode  it  is  diminished  (anelectrotonus). 
Immediately  after  the  opening  of  the  current  these  relations 
are  for  a  brief  time  reversed,  the  excitability  of  the  post- 
kathodic  area  (area  which  was  at  the  kathode  during  the 
flow)  being  diminished,  and  that  of  the  post-anodic  in- 
creased. In  the  intrapolar  area  there  is  one  point  the 
excitability  of  which  is  not  altered.     This  vndiftfeTt^\.^vnX,'a& 
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it  is   called,   shifts  its  position  when  the   intensity  of  the 
current  is  varied. 

These  statements   have   been  made   on  the  strength  of 
experiments  in  which  the  height  of  the  muscular  coDtrac* 
tion  was  taken  as  the  index  solely  of  the  exciMiltiyoi^t 
nerve  at  any  given  point-     But  it  is  now  known,  partly  from 
observations  on  muscular  contraction  in  which  changes  of 
excitability  of  the  nerve  were  eliminated  by  proper  choKS 
of  the  point  of  stimulation,  and  partly  from  observations 
on  the   action  stream    (p.   556),   that   very  striking  allera- 
ttons  of  cot%duciivity  are   also    produced   by  the  constant 
current,  which  even  outlast  its  flow.     For  all  currents  except 
the  weakest   the   condnctivit}'  at  the   kathode  and  in  itti 


i 


FrG,  156.  —  KAita.Kt  ikuKjALis. 
Wenk  tctnniu  of  muM:lr(ihi:  right-band 
eltvatloo),  greatly  int<:n)ibe^  in  katdee- 
iroiDtiai  of  the  motor  ncrre  {(he  teft-hnnd 
elevalioa). 


flii.   157— ANfcLtL  IKv'TOMS- 

Slronjt  tetanus  of  muscle  {Jefl-fcu* 
ele*-aiion),  lessened  in  strength  by  ■» 
elrctrotonic  condition  of  Ibe  motor  iciw 
(rigbi-hand  elevjitinn). 


immediate  neighbourhood  is  diminished,  and  with  currents 
still  only  moderately  strong  (iWorny  ampere,  e.g.)  the  block 
deepens  into  utter  impassabilily.  The  conductivity  at  the 
anode  is,  during  all  this  stage,  but  little  affected,  and  is  at 
any  rate  much  higher  than  at  the  kathode,  so  that  at  tb« 
time  of  full  kathodic  block  the  nerve-impulse  still  freely 
passes  through  the  region  around  the  positive  pole.  Willi 
still  stronger  currents  the  conductivity  here,  too,  begins  to 
diminish,  until  at  last  the  anode  is  also  blocked;  but  this  is 
to  be  looked  upon  as  merely  an  extension  of  the  defect  of 
conductivity  which  has  been  creeping  along  the  inlrapolar 
area  from  the  Walhode.  Mtec  the  opening  of  the  current, 
the  relation  betweex^  V-a\\\o^\Q.  -^^^  ■a.wa&xc  «reA.\i.oi««s^ 


lor  now  the   post-kathodic   regton   conSu ct s  the 

nene-impulse  relatively  better  than  the  post-anodic 

The  above  facts  serve  to  explain  the  manner  in  which 
the  effects   of  stimulation   of  a   nerve   with   the  constant 
current  vary  with  the  strength  and  direction  of  the  stream. 
These  effects,  so  far  as  the  contraction  of  the  muscles  sup- 
plied by  the  nerve  is  concerned,  have  been  formulated  in 
what  has  been  somewhat  loosely  termed  the  law  of  contrae- 
CoB.    In  this  formula  the  direction  of  the  current  in  the 
nerve  is  commonly  distinguished  by  a  thoroughly  bad  but 
I  jiow  ingrained  phraseolog)',  as  ascending  when  the  anode  is 
next  the  muscle,  and  descending  when  the  kathode  is  next 
[the  muscle. 

Law  of  Contraction. 


CurrenL 


Asoeoding.         DcMXodiof. 


M. 


Weak   - 

Mcdiuin 
Strong  - 


C 

c 


M. 


■c 

c 
c 


u 


Hoe  M  lUflBRS  '  make,*  n,  '  brmk,'  of  the  curmit ;  C  nteani '  owtncilon  follows.' 

The  explanation  generally  given  of  the  facts  summed  up 
in  the  *  law  of  contraction '  is  as  follows :  Wherever  there 
is  an  increcLsc  of  excitability  sufficiently  rapid  and  sufficiently 
large,  stimulation  is  supposed  to  take  place ;  where  there  is 
a  fall  of  excitability,  stimulation  does  not  occur.  Accord- 
ingly, at  closure  the  kathode  stimulates — the  anode  does 
not :  while  at  opening,  the  anode,  at  which  the  depressed 
excitability  jumps  up  to  normal  or  more,  is  the  stimulating 
pole ;  the  kathode,  at  which  it  declines  to  normal  or  under 
it,  is  inactive. 

With  a  weak  cumnt,  {\)  contraction  only  occurs  at  make,  and 
(a)  the  direction  of  the  current  is  indifferent  The  explanation  of 
tbc  first  fact  is  that  the  make  is  a  stronger  stimulus  than  the  break, 
and  when  the  current  is  weak  enough  the  break  is  less  than  a  mini- 
mal stimulus.  No  sensible  change  of  conductivity  is  caused  by 
weak  currents,  which  suffices  to  explain  (2). 

With  a  '  mtdium '  current^  contraction  occurs  at  make  and  break 
with  both  directions.     Here  the  break  excitation  is  effecVwe  is  «t\\ 
as  the  make.    With  anode  next  the  muscle  (ascend\n^  cviutiAVV  ^'e:^'!^ 
is  of  course  nothing  to  prevent  the  opening  excilaUoiv,  n«\\\c\v  -iVaxVi 


rrenis,  «    i 

reaui^H 
ntracoo^ 


Pnys/oiog 

at  the  anode,  from  passing  down  the  nerre  and  causing  contxactunj 
and  since  there  is  no  block  around  the  anode  or  in  the  inti 
region  with  'medium'  currents,  there  is  nothing  to  keep  the  dc 
(kathodic)   excitation    from    reaching   the    muscle   too.      \\1lh 
kathode  next  the  muscle  (descending  current),  the  closing  excita- 
tion, which  starts  from  the  kathode,   has  no  region  of  diminishd 
conductivity  to  pass  through,  nor  has  the  opening  (anodic)  CKcitanai, 
for  the  kathodic  block,  caused  by   moderately  strong  currents,  « 
removed  as  soon  as  the  current  is  broken. 

With  *  strong  *  currents  there  are  only  two  cases  of  cont 
out  of  the  four,  just  as  witli  '  weak,'  but  for  very  different 
There  is  a  braek-contraction  with  ascending,  and  a  make-contractic 
with  descending  current.  With  ascending  current  the  anode  is  next 
the  musclCi  and  the  break -excitation  starting  there  has  nothing  to 
hinder  its  course.  The  make-excitation,  although  as  strong  or 
stronger,  has  to  pass  through  the  whole  intrapolar  region  and  ow 
the  anode,  and  here  the  conductivity  is  depressed  and  the  oerK- 
impulse  blocked.  With  descending  current  the  kathode  is  next  the 
muscle,  and  there  is  no  hindrance  to  the  passage  of  the  make-exciis- 
tion.  The  break  excitation,  however,  has  to  traverse  the  intra-polir 
region,  and  the  anodic  end  of  this  area  has  a  smaller  conduclivitj 
immediately  after  o[}cning  than  during  the  flow,  while  the  kathodic 
end  does  not  at  once,  after  a  strong  current,  become  passable  Tbt 
break -excitation,  accordingly,  cannot  get  through  to  the  muscle. 

In  all  these  cases  of  complete  or  partial  block,  during  or  after 
flow  of  a  constant  current,  the  progress  of  the  nerve-impulse, 
gradual  weakening,  and  final  extinction  can  be  ver)-  well  shown 
means  of  the  action  stream  (p.  569). 

The  above  formula  can  only  be  verified  upon  isohti 
nerves,  and,  even  for  these,  exceptional  results  are  apt  to  I 
obtained  as  soon  as  the  nerves  begin  to  die. 

Some  of  the  apparent  irregularities,  however,  can  be  cqili 
in  accordance  with  the  law  of  contraction  ;  for  example,  the  oh 
vations  of  Rosenthal  and  others  on  the  effect  of  opening  and  dosioj 
a  weak  current,  always  of  the  same  strength,  at  different  stages  in 
the  dying  of  a  ntrx^. 

JiosenthaPi  Law  of  ConiractioH  for  Dying  A^rtv,   shown  in  tht 
accompanying  table,  corresponds  with  the  ordinary  law  if  for  'weak' 
*  medium,'  and  *  strong '  current  we  read  *  first,'  * """"'' '  ■'«'  '»*«ifrf 
stage.    The  explanation  com- 


'  second/  and  'third' 


1    Stage. 

1 

A&oeadlag. 

Desoesdmt  ^ 

M. 

a 

M.!a-y 

1       I.       - 

11.      - 

111.       - 
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monly  given  is  that  the  in- 
crease of  excitability,  which  a 
nerve  undergoes  when  it  begins 
to  die  is  equivalent  to  an  in- 
crease of  current  strength  ;  so 
that  a  stream  at  first  '  weak, 
after  a  time  l)ecomes'med\uTO,' 
and  then  '  stroni^.'     Buvsmw  \.\ieX>Mi.«^ajtt  v^-asxa.Tas.tai^iSsR^ 
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excitability  has  begun  again  to  decline,  but  usually  till  it  is  entirely 
gone,  some  supplement  to  the  ordinary  explanation  for  that  stage  is 
wanting  ;  and  it  is  perhaps  to  be  found  in  the  fact  that  a  weaker 
current  suffices  to  cause  complete  block  in  exhausted  than  in  fresh 
nerves. 

I  A  formula  similar  to  the  law  of  contraction  has  been 
shown  to  hold  for  the  inhibitory  fibres  of  the  vagus  (Donders), 
'inhibition'  being  substituted  for  'contraction.'  There  is 
also  some  evidence  that  a  similar  law  obtains  for  sensory 
nerves. 

The  Law  of  Contraction  for  Uerves  '  in  Situ.' — When  a  nerve 
is  stimulated  without  previous  isolation—in  the  human  body, 
for  instance,  through  electrodes  laid  on  the  skin — the  current 
will  not  enter  and  leave  it  through  definite  small  portions  of 
its  sheath,  nor  will  it  be  possible  to  make  the  lines  of  flow 
nearly  parallel  to  each  other  and  to  the  long  axis  of  the 
nerve,  as  is  the  case  in  a  slender  strip  of  tissue  when  there  is 
a  considerable  distance  between  the  electrodes. 


I 


A.  an  isol.iietl  nrrve  ;  B,  a  nerve 
in  iitu.  Secondary  anodes  (+■) 
arc  fortncd  where  lliir  current 
re-enters  the  ncrwe  below  tlie 
iic^rtiivc  ctccirodc,  aflcr  pas-'«Jng 
tlifouph  ihc  tissues  in  which  it  la 
embedded,  and  secondary  kath- 
odes (  - )  where  ihc  currenl  paasea 
out  of  the  nerve  into  the  surround* 
m\i  iiuues  below  the  positive  eJec- 
u-ode. 


KiC.  158.— UlAGKAM  OK  LINES  OF  FLOW 
OV   A   CL'KKKNT   I'A&SINQ  THROUGH   A 

Nkkve. 


i. 


On  the  contrary,  even  when  a  single  electrode — say,  the  positive — 
is  placed  over  the  position  of  the  nerve,  and  the  other  at  a  distance 
on  some  convenient  part  of  the  body,  the  current  will  enter  the 
nerve  by  a  broad  fan  of  streamlines  cutting  it  nmore  or  less  obliquely, 
and  pass  out  again  into  the  surrounding  tissues  ;  so  that  both  an 
anode  (surface  of  entrance)  and  a  kathode  (still  larger  surface 
of  exit)  will  correspond  to  the  single  positive  pole.  Similarly,  the 
single  negative  electrode  will  correspond  to  a  kathodic  surface  where 
the  now  narrowing  sheaf  of  lines  of  flow  enters  the  nerve,  and  a 
smaller  anodic  surface,  where  they  emerge. 

If  the  two  electrodes  were  on  the  course  of  the  nerve,  the  stream- 
lines would  still  cut  it  in  such  a  way  that  each  electrode  vom!A 
correspond  both  to  anode  and  kathode  (F\ft.  \  ^X), 
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It  is  impossible  under  these  circumstances  to  define' 
direction  of  a  current  in  a  nerve,  or  to  connect  dirutton  witfc 
any  specific  effect.  The  terms  '  ascending '  and  *  descending 
current  are.  therefore,  meaningless.  When  we  place  one  o 
the  electrodes  over  the  nerve  and  the  other  at  a  distance 
the  law  of  contraction  only  appears  in  a  disguised  form 
for  since  a  kathode  and  an  anode  exist  at  each  pole 
there  is.  with  a  current  of  sufficient  strength,  excitatioi 
at  each  both  at  make  and  break.  The  negative  make 
contraction  is,  however,  stronger  than  the  positive,  ffl 
the  excitation  corresponding  to  the  latter  arises  at  \h 
secondary*  kathodic  surface,  where  the  sheaf  of  current-liod 
spreading  from  the  positive  electrode  passes  out  of  tb 
nerve.  Now  this  is  much  larger  than  the  primary  kathodfl 
sur&ce,  through  which  the  narrow  wedge  of  stream-Un^ 
passes  to  reach  the  negative  electrode,  and  the  curreoi 
density  at  the  latter  is  accordingly  much  greater.  Ttt 
positive  break-contraction  is,  for  a  similar  reason,  stro^ 
than  the  negative.  fl 

With  a  '  weak '  current  the  only  contraction  is  a  claB| 
one  at  the  kathode ;  with  a  *  medium  '  current  there  an 
both  opening  and  closing  contractions  at  the  positive  pole, 
and  a  closing  but  no  opening  contraction  at  the  negative. 

The  coaductivity  of  the  nerve,  as  we  have  seen  in  variojs 
examples,  is  not  necessarily  altered  in  the  same  sense  as 
the  excitability.  In  the  neighbourhood  of  the  kathode  < 
is  easier  to  cause  excitation  than  in  the  normal  nerve  i 
creased  exciiabUity),  but  it  is  less  easy  for  an  excitatic 
up  elsewhere  to  pass  through  (diminished  conductiv..,. 
Change  of  temperature  seems  also,  for  stimuli  of  not  vffj 
short  duration,  to  act  in  the  opposite  way  on  these  ttK 
properties  of  nerve.  Carbonic  acid  gas  appears  to  deptt* 
the  excitability  without  affecting  the  conduct ivit\',  aiw 
alcohol  to  have  the  contrary  effect.  Munk  found  that  I 
a  dying  sciatic  nerve  certain  points  may  be  quite  inexcitaW 
to  the  strongest  stimuli,  while  weak  stimulation  of  porot 
lying  nearer  the  central  end  may  cause  muscular  contracdon 
These  facts  seem  to  sUow  that  the  process  by  whidi  th' 
nerve-impulse  *\s  pto\y3^^'aXt»\  V^'a  ^i^'ixViJCva^  ^cX.  tan^x  - 
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element  by  the  one  next  it,  as  some  have  supposed)  is  not 
the  same  as  that  by  which  it  is  originated. 

Double  Condaction.— When  a  nerve  is  stimulated  artificially, 
the  excitation  runs  along  it  in  both  directions  from  the 
point  of  stimulation;  so  that  fibres  which  in  the  intact  body 
are  afferent  can  conduct  impulses  towards  the  periphery, 
and  efferent  fibres  can  conduct  impulses  away  from  the 
periphery.  In  the  normal  state,  however,  double  conduc- 
tion must  seldom  occur,  for  efferent  fibres  are  connected 
centrally,  and  afferent  fibres  peripherally,  with  the  structures 
in  which  their  natural  stimuli  arise.  In  general,  too,  an 
impulse,  if  it  did  pass  centrifugally  along  an  afferent  fibre, 
would  not  give  any  token  of  its  existence,  for  the  peripheral 
organ  would  not  be  able  to  respond  to  it ;  and  we  have  no 
reason  to  believe  that  the  central  mechanisms  connected 
with  efferent  fibres  are  better  fitted  to  answer  such  foreign 
and  unaccustomed  calls  as  impulses  reaching  them  along 
normally  efferent  nerves.  There  is  some  evidence  that 
muscular  excitation  is  not  carried  over  to  the  motor  nerve- 
fibres  ;  in  other  words,  the  wave  of  action  flows  from  the 
ner\e  to  the  muscle,  but  cannot  be  got  to  flow  backwards. 
Whether  such  an  organ  as  the  retina  can  be  excited  by 
impulses  reaching  it  '  the  wrong  way '  along  the  optic  nerve 
we  do  not  know,  although  the  point  might  possibly  be 
decided  by  means  of  the  retinal  currents  to  be  mentioned 
later  on  (p.  574).  We  shall  see  that  a  nutritive  influence  is 
exerted  over  afferent  fibres  by  the  spinal  ganglia  (p.  534), 
an  influence  which  must  spread  along  these  fibres  in  the 
opposite  direction  to  that  of  the  normal  excitation ;  but 
from  this  we  cannot  deduce  anything  as  to  the  behaviour 
of  ordinary  nerve-impulses. 

The  best  proofs  of  double  conduction  in  nerves,  with 
artificial  stimulation,  are:  (i)  The  propagation  of  the  nega- 
tive variation  or  action  current  in  both  directions.  This 
holds  for  sensory  as  well  as  for  motor  fibres,  as  du  Bois- 
Reymond  showed  on  the  posterior  roots  of  the  spinal  nerves 
of  the  frog  and  the  optic  nerves  of  fishes.  (2)  Stimulation 
of  the  posterior  free  end  of  the  electrical  nerve  of  Malap- 
terurus   (p.  576)  causes  discharge   of   the   electric    organ, 

■5.\ 


530 


A  MANUAL  OF  PHYSfOlOGY 


although  the  nerve-impulse  travels  normally  in  the  oppositi 
direction.     (3)  If  the  lower  end  of  the  frog's  sartorius  Is  spli^ 
into  two,  gentle  stimulation  of  one  of  the  tongues  caui 
contraction  of  individual  fibres  in  the  other.  This  is  supp 
to  be  due  to  conduction  of  the  nerve-impulse  up  a  twig  1 
a   ner\'e- fibre   distributed    to   the   one   tongue,  and 
another  twig  of  the  same  fibre  going  to  the  other  ton 
A  similar  experiment  can  be' done  on   the  gracilis  of 
frog.     This  muscle  is  divided  by  a  tendinous  inscription  inij 
two  parts,  each  supplied  by  a  branch  of  a  nerve  which  divide 
after  entering  the  muscle.     Stimulation  of  either  twig 
followed  by  contraction  of  both  parts  of  the  muscle  (Kahn 

Ben's  much-quoted  experiment  on  the  rai  is  valueless  asa[ 
of  double  conduction.      He  caused  union  of  the  point  of  the  1 
with  the  tissues  of  the  back,  then  divided  the  uil  at  the  root,  J 
found  that  stimulation  of  what  was  now  the  distal  end  caused 
From  this  he  concluded  that  the  sensory  fibres  of  the  *  iransp 
tail  conducted  in  the  direction  from  root  to  tip.     But  the  concluaj 
is  not  warranted,  for  sensation  disappeared   in  the   tail  after 
section,  and  did  not  return  till  some  months  later,  when  the 
fibres,  after  degenerating,  would  have  been  replaced  by  new 
fibres  growing  down  from  the  dorsal  nerves  (Ranvier).    For  a  sia 
reason  the  so-called  union  of  the  peripheral  end  of  the  cut  hypoglo 
nerve  {motor)  with   the  central   end  of  the   cut   lingual   (s 
proves  nothing  as  to  double  conduction,  nor  as  to  the  possibiN 
of  motor  nerves  taking  on  a  sensory  function. 

Every  fibre  of  a  nerve  is  physiologically  isolated 
the  rest,  so  that  an  impulse  set  up  in  a  fibre  runs 
crfursc  within  it,  and  does  not  pass  laterally  into  otl 
(law  of  isolated  conduction).  In  copnection  with  this  physio- 
logical fact  there  is  the  anatomical  fact  that  nerve-fibres 
do  not  branch  in  the  trunk  of  a  peripheral  nerve.  It 
has,  however,  been  shown  recently  that  bifurcation  of 
nerve-fibres  may  occur  in  the  spinal  cord  (Sherringtor). 
The  axis-cylinder  of  a  peripheral  nerve-fibre  only  begins  to 
branch  where  isolation  of  function  is  no  longer  required,  a5 
within  a  muscle.  The  experiment  of  Kiihne  on  double  con- 
duction, mentioned  above,  seems  to  show  that  an  excitation 
set  up  in  one  fibril  of  an  axis  cylinder  can  spread  to  the 
rest. 

Velocity   of   tiie  "HfcTNft-'wtt'Va^W- — N^^\\aN^  va& '^a&.^ 
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nerve-impulse  travels  with  a  measurable  velocity.  It  is 
now  time  to  describe  how  this  has  been  ascertained  (p.  550). 
For  motor  film  the  simplest  method  is  to  stimulate  a  nerve 
successively  at  two  points,  one  near  its  muscle,  the  other 
as  far  away  from  it  as  possible,  and  to  record  the  contrac- 
tions on  a  rapidly-moving  surface  (pendulum  or  spring 
myograph)  (p.  4S7).  The  apparent  latent  period  of  the  curve 
corresponding  to  the  nearer  point  will  be  less  than  that  of 
the  cur\'e  corresponding  to  the  point  which  is  more  remote, 
by  the  time  which  the  impulse  takes  to  pass  between 
the  two  points.  The  distance  between  these  points  being 
measured,  the  velocity  is  known.  Helmholtz  found  the 
velocity  for  frog's  nerves  at  the  ordinary  temperature  to  be 
a  little  under,  and  for  human  nerves,  cooled  so  as  to  ap- 
proximate to  the  ordinary  temperature,  a  little  over  30 
metres  per  second.  For  observations  on  man  the  contrac- 
tion curves  of  the  flexors  of  one  of  the  fingers  or  of  the 
thumb  may  be  recorded,  first  with  stimulation  of  the 
brachial  plexus  at  the  axilla,  and  then  with  stimulation  of 
the  median  or  ulnar  nerve  at  the  elbow.  Probably  at  the 
same  temperature  there  is  little  difference  in  the  rate  of 
transmission  in  the  nerves  of  warm-blooded  and  cold-blooded 
animals,  but  temperature  has  an  enormous  influence. 

By  cooling  a  frog's  nerve  Helmholtz  reduced  the  rate  to  y\j  of  its 
value  at  the  ordinary  temperature,  and  in  the  human  arm  it  may 
vary  from  30  to  90  metres  per  second,  according  to  the  tem|>erature, 
50  metres  being  about  the  normal  rate. 

Chauveau  has  stated  that  the  nen-e-impulse  travels  in  the  branches 
of  the  vagus,  which  supply  the  rapidly  acting  muscles  of  the  larynx, 
at  the  rate  of  667  metres  per  second,  in  the  fibres  which  supply  the 
sluggish  oesophageal  muscles  at  the  rate  of  only  8*2  metres. 

Che  passage  of  a  voltaic  current  through  an  isolated  nerve  also 
affects  the  velocity  oi  the  nerve-impulse.  When  the  current  is  weak, 
the  velocity  is  increased  in  the  neighbourhood  of  the  kathode,  but 
diminished  near  the  anode ;  when  it  is  stronger,  the  velocity  is 
diminished,  not  only  around  both  poles,  but  in  the  whole  intrapolar 
area.  This  agrees  with  what  we  have  already  seen  as  to  the  effect 
of  the  constant  current  on  the  conductivity  of  nerve. 

The  velocity  with  which  the  negative  variation  is  propa- 
gated (p.  560)  is  the  same  as  that  of  the  nerve- im9ulse.. 

In  sensory  nerves  there  is  no  leasou  Vo  \ie\\«iN^  \Xva.V  ^<t 
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velocity  of  the  nerve-impulse  differs  from  that  in  motor 
nerves,  but  experiments  really  free  from  objection  are  as  yet 
wanting. 

The  usual  method  is  to  stimulate  the  skin  first  at  a  point  distant 
from  the  brain,  and  then  at  a  much  nearer  point-  The  person 
experimented  on,  as  soon  as  he  feels  the  stimulation,  makes  a  signal, 
say,  by  closing  or  opening  with  the  hand  a  current  connected  with 
an  electric  tjme-marker,  writing  on  a  moving  surface.  There  is, 
of  course,  a  measurable  interval  between  the  excitation  and  the 
signal,  and  this  being  in  general  longer  the  more  remote  the  point  of 
stimulation  is  from  the  brain,  it  is  assumed  that  the  excess  repre- 
sents the  lime  taken  by  the  ner\-e-im pulse  to  pass  over  a  length  of 
sensory  nerve  equal  to  the  difference  in  the  length  of  the  path.  But 
there  is  this  difficulty,  that  the  propagation  of  the  impulse  from  the 
point  of  stimulation  to  the  brain  is  only  one  Imk  in  the  chain  of  events 
of  which  the  signal  marks  the  end.  The  impulse  has  first  to  be 
transformed  into  a  sensation,  and  then  the  will  has  to  lie  called  into 
action,  and  an  impulse  sent  down  the  motor  nerves  to  the  hand 
And  while  the  time  taken  by  tlic  excitation  in  travellmg  up  and 
down  the  peripheral  nerve-fibres  is,  perhaps,  fairly  constant,  the  time 
spent  in  the  intermediate  psychical  processes  is  very  variable. 

Instead  of  a  voluniar)-  movement,  a  reflex  movement  caused  by 
stimulation  at  different  points  along  the  course  of  a  nerve  may  be 
taken  as  '  end  reaction  ' ;  but  here,  too,  the  variable  element  q{  rejUx 
time  (p.  625)  vitiates  the  results. 

A  third  method  attempts  to  eliminate  the  reartion  time  altogether. 
The  skin  is  touched  first  at  one  point,  then  at  another.  If  the  two 
points  are  at  the  same  distance  from  the  brain,  and  the  interval 
between  those  two  impacts  is  smaller  than  a  certain  amount,  the 
sensations  will  be  fused,  and  the  two  impacts  will  be  experienced  as 
one.  If  now  the  two  points  be  chosen  at  different  distances  from 
the  brain,  with  the  same  interval  between  the  impacts  as  before,  two 
sensations  will  be  felt,  for  the  impulse  which  has  to  travel  by  U»e 
longer  path  will  reach  the  brain  sensibly  later  than  the  other.  By 
altering  the  interval  it  will  be  possible  again  to  cause  fusion  From 
the  amount  of  the  necessary  alteration,  the  difference  of  time  by  the 
two  paths  can  be  calculated ;  and  the  difference  of  length  of  the 
paths  being  measured,  the  velocity  is  known  (Bloch). 

Even  this  method  is  not  free  from  objection,  for  the  blending  of 
the  two  sensations  depends  to  some  extent  on  whether  the  parts  of 
the  skin  from  which  they  come  are  symmetrically  situated  or  not. 

Chemistry  of  Nerve. — Our  knowledge  of  this  subject  is 
scanty  in  the  extreme  ;  and  most  of  what  we  do  know  has 
been  obtained  from  analyses,  not  of  the  peripheral  nerves, 
but  of  the  white  matter  of  the  central  nervous  system. 

Proieids  are  present,  especially  in  the  axis  cylinder.  They  ate 
apjwrently  all  globuVins. 
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Substances  soluble  in  ether  include  ciwiesUriny  lecithin^  cereHHn, 
and  protagon,  which,  according  to  some,  is  a  mixture — to  others,  a 
compound  of  lecithin  and  cerebrin.  The  cholesterin  and  lecithin, 
at  least,  belong  chiefly  to  the  medullary  sheath,  which  further  con- 
tains a  kind  of  network  of  a  peculiar  resistant  substance  called 
neurokeratin  (Kuhne). 

The  neurikmma  consists  of  substances  insoluble  in  dilute  caustic 
soda. 

Gelatin  is  obtained  from  the  connective  tissue  which  binds  the 
nerve-fibres  together.  There  may  also  be  ordinary  fat  in  the  meshes 
of  the  epineurium  connecting  the  bundles.  Small  quantities  of 
xanthin,  h>'p«>xanthin,  and  other  extractives,  can  also  be  obtained 
from  nerve. 

The  composition  of  the  white  matter  of  the  brain  is  as  follows  : 


Solids 


An  analysis  of  the  sciatic  nen'e  of  man  gave  in  round  numbers : 
Water     ...        -  66  per  cent 

fCerebrin,  lecithin,  choles- 


Water      - 

'i'roteids  -         -         - 
Cholesterin 

.       8^ 
-     i6 

68  per  cent. 

Lecithin 

Cerebrin 

Sails 

Other  substances 

•  3 

•  3 

-  o*5 

-  I '5  J 

32  per  cent. 

Solids 


J      terin,  and  fatty  acids 
j  Proteids  and  glutin 
pother  substances 


»7 


34  per  cent. 


The  only  difference  between  living  and  dead  ner\e  which  has  been 
made  out  with  any  degree  of  certainty  is  that  the  former  is  neutral  or 
faintly  alkaline,  and  the  latter  acid,  in  reaction. 

nutrition  of  Nerve, — Nerve-fibres  are  '  bound  in  the  bundle 
of  life  *  with  certain  nerve-cells  on  their  course ;  the  con- 
nection once  severed,  the  nerve-fibre  dies  inevitably.  In 
othier  words,  fibre  and  cell  have  a  'nutritive  unity';  and 
this  is  what  we  should  expect,  for  they  also  seem  to  have  a 
morpholofjical  unity;  the  fibre  is  a  process  of  the  cell. 
When  a  spinal  nerve  is  cut  below  the  junction  of  its  roots, 
muscular  paralysis  and  impairment  of  sensation  at  once 
follow  in  the  region  supplied  by  the  nerve;  but  for  a  time 
the  nerve  remains  excitable  to  direct  stimulation.  The 
excitability  gradually  diminishes,  and  in  a  few  days  is  com- 
pletely gone. 

If  portions  of  a  nerve -are  examined  at  different  periods 
after  section,  a  remarkable  process  o(  de^tneral\<m  S&  ^fcftxv 
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to  be  going  on.  The  nuclei  of  the  sheath  of  Schwann  pro- 
liferate, and  insinuate  themselves  into  the  medullan- shcalh 
and  axis  cylinder,  which  break  up  into  detached  pieces,  and 
ultimately  disappear,  leaving  the  nerve-fibre  represenwd 
only  by  a  kind  of  mummy  of  connective  tissue.  This  process 
goes  on  simultaneously  along  the  whole  ner\-e,  from  the  cut 
end  to  the  periphery.  In  a  mammal  it  is  complete  in  about 
a  fortnight,  but  takes  longer  in  cold-blooded  animals. 

Degeneration  of  the  nen'e  is  followed,  if  its  divided  ends 
are  not  kept  artificially  apart,  by  a  process  of  regenen- 
tion.  already  distinct  in  from  three  to  four  weeks  after  ihc 
section,  but  in   some   cases   commencing   as  early  as  the 


Pic.    159,— DEGBNItEATlO:^   UP  SPIXAI.  NEltVtt*  AN»  TllLIK    KoJli  kTiU 

Sectiox.— The  sbading  shows  the  (leg<eDer4te>d  panions. 

second  week.  This  consists  in  the  outgrowth  of  new  axis 
cylinders,  in  the  form  of  fine  fibres,  from  the  ends  of  the 
divided  axis  cylinders  of  the  central  stump  of  the  nerve- 
These  push  their  way  into  and  along  the  degenerated  fibres, 
ultimately  acquire  a  medullar^'  sheath,  and  develop  into 
complete  nerve-fibres,  restoring  first  sensation,  and  later  o" 
voluntary  motion,  to  the  paralyzed  part.  The  process  needs 
several  months  for  its  completion,  even  in  warm-blooded 
animals.  It  takes  place  under  the  influence  of  the  nutritive 
centre,  and  never  occurs  if  the  nerve  is  permanently  separ- 
ated from  its  cell.  It  is  a  remarkable  and  as  yet  udcx* 
plained  fact  that  regeneration  of  the  fibres  of  the  ceDti« 
nervous  system,  at  least  in  the  higher  animals,  does  no' 
occur. 
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The  nutritive  centre  for  the  fibres  of  the  posterior  root  of 
a  spinal  nerve — i.t*.,  for  the  afferent  fibres — is  the  ganglion  on 
that  root ;  the  centres  for  nearly  the  whole  of  the  fibres  of 
the  anterior  root  lie  in  the  spinal  cord  itself  (p.  604). 

The  proof  of  these  statements  is  contained  in  Waller's 
experiments,  which  may  be  summarized  as  follows : 

(1)  Section  of  the  anterior  root  causes  degeneration  on 
the  peripheral,  but  not  on  the  central  side  of  the  lesion. 
Only  the  anterior  root  fibres  in  the  mixed  nerve  degenerate. 

(2)  Section  of  the  posterior  root  above  the  ganglion  causes 
degeneration  of  the  central  stump,  but  not  of  the  portion 
still  connected  with  the  ganglion,  nor  of  the  posterior  root 
fibres  bfilow  the  ganglion  or  in  the  mixed  nerve. 

(3)  Section  of  the  posterior  root  below  the  ganglion 
causes  degeneration  of  the  fibres  of  the  root  below  the 
section  and  in  the  mixed  nerve,  but  not  above  it. 

(4)  As  has  already  been  mentioned,  section  of  the  mixed 
nerve  causes  degeneration  on  the  peripheral,  but  not  on  the 
central  side  of  the  lesion. 

A  few  fibres  in  the  peripheral  stump  of  the  anterior  root 
do  not  degenerate  after  its  division,  and  a  few  fibres  in  the 
central  stump  do.  These  are  *  recurrent  fibres '  (p.  615), 
which,  leaving  the  spinal  cord  by  the  posterior  root,  rundown 
the  nerve  for  a  short  distance,  and  then  pass  upwards  in  the 
anterior  root,  probably  to  the  pia  mater  and  the  connective 
tissue  of  the  root.  The  nutritive,  or  trophic,  centre  of 
these  fibres  being  the  spinal  ganglion,  they  do  not  degenerate 
so  long  as  the  connection  with  it  is  intact. 

Experimental  section,  or,  in  man,  traumatic  division  or 
compression  of  a  nerve,  leads  not  only  to  its  degeneration, 
but  ultimately,  if  regeneration  of  the  nerve  does  not  take 
place,  to  degeneration  of  the  muscles  supplied  by  it  as  well. 
The  muscle-fibres  dwindle  to  a  quarter  of  their  normal 
diameter ;  the  stripes  disappear ;  the  longitudinal  fibrilla- 
tion  fades  out ;  and  at  length  only  hyaline  moulds  of  the 
fibres  are  left,  filled  and  separated  by  fatty  granules  and 
globules,  and  surrounded  by  engorged  capillaries.  Amidst 
the  general  decay,  the  muscular  fibres  of  the  terminal 
'spindles,'  with  which  the  afferent  nerves  of  nvascXa??.  *ax«. 
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connected,  alone  remain  unchanged  (Sherrington).    Certaia" 
diseases  of  the  cord  which  interfere  with  the  cells  of 
anterior   horn   cause  degeneration   of    motor   ner\*es, 
ultimately  of  muscles. 

Muscles  whose  motor  nerves  have  been  separated  from  th 
trophic  centres  show,  when  a  certain  stage  in  degeneratio 
has  been  reached,  a  peculiar  behaviour  to  electrical  stimi] 
tion,  called  the  '  reftction  of  degeneratloa.  *  To  the  const 
current  the  muscles  are  more  excitable,  and  the  contraction 
slower  and  more  prolonged  than  normal ;  to  the  imiaced 
current  they  are  less  excitable  than  normal,  or  not  excitable 
at  all.  The  closing  anodic  contraction  is  stronger  than  the 
closing  kathodic — the  opposite  of  the  ordinary-  law.  The 
nerves  are  inexcitable  either  to  constant  or  induced  currents. 
The  reaction  of  degeneration  is  only  obtained  from  paralysed 
muscles  when  the  paraly2ing  lesion  is  situated  below  the 
level  of  the  cells  of  the  anterior  horn  from  which  the  motor 
nerves  take  origin.  Accordingly,  it  is  sometimes  of  use  io 
localizing  the  position  of  a  lesion. 

Trophic  Kerres. — The  fact  that  the  proper  nutrition  of 
nerve-fibres  is  dependent  on  their  connection  with  nerve- 
cells,  has  been  by  some  writers  generalised  into  the  docttioe 
that  all  tissues  are  provided  with  *  trophic  *  ner\'es,  which, 
apart  from  any  influence  on  functional  activity,  regulate  the 
nutrition  of  the  organs  they  supply.  But  the  evidence 
for  this  view,  when  weighed  in  the  balance,  is  found  want- 
ing; and  it  may  be  said  that  up  to  the  present  no  umquivoc^i 
proof,  experimental  or  clinical^  has  ever  been  given  of  the  existenti 
of  specific  trophic  nerves. 

It  is  true  that  division  of  the  trigeminus  nerve  within  the 
skull  is  sometimes  followed  by  cloudiness  of  the  cornea, 
going  on  to  ulceration,  and  ultimately  inflammation  and 
destruction  of  the  eyeball.  Ulcers  also  form  on  the  lips  and 
on  the  mucous  membrane  of  the  mouth  and  gums;  and  the 
nasal  mucous  membrane  on  the  side  corresponding  to  the 
divided  nerve  becomes  inflamed.  But  in  this  case  X\it 
sensibility  of  the  eye  is  lost,  and  reflex  closure  of  the  eyelids 
ceases  to  prevent  xVve  ^xvUMvct  o(  foreign  bodies, 
animal  is  no  longer  avj^Lit  o^  vN\t  cowVa.t'N.  qV  v^vCxOvsa 
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^^™^^R!ra!^^^ccumulated  secretion  with  the  conjunc- 
I  liva.  and  makes  no  effort  to  remove  them.  The  lips  being 
I  also  without  sensation,  are  hurt  by  the  teeth,  particularly  as 
r  (he  muscles  of  mastication  on  the  side  of  the  divided  nerve 
I  are  paralyzed,  and  decomposed  food,  collecting  in  the 
I  mouth,  and  inhaled  dust  in  the  nose,  will  tend  still  further 
I  to  irritate  the  mucous  membranes.  There  is  thus  no  more 
I  need  to  assume  the  loss  of  unknown  trophic  influences  in 
kflrder  to  explain  the  occurrence  of  the  ulcerative  changes 
Itban  there  is  to  explain  the  production  of  ordinary  bed- 
rsores,  bunions  or  corns  on  parts  p>eculiarty  liable  to  pressure. 
lAnd,  as  a  matter  of  fact,  if  the  eye  be  artificially  protected, 
lifter  section  of  the  trigeminal  nerve,  the  ophthalmia  either 
boes  not  occur  or  is  much  delayed. 

I  In  man,  too,  a  case  has  been  recorded  in  which  both  the 
fefth  and  the  third  nerves  were  paralyzed.  The  eye  was  still 
Ihielded  by  the  contraction  of  the  orbicularis  oculi  supplied 
■y  the  seventh  nerve,  as  well  as  by  the  drooping  of  the 
Bpper  eyelid  that  accompanies  paralysis  of  the  third.  It 
lemained  perfectly  sound  for  many  months,  till  at  length 
Die  tumour  at  the  base  of  the  brain  which  had  affected  the 
Hher  nerves  involved  the  seventh  too.  The  eye  was  now 
to  longer  completely  closed  ;  inflammation  came  on,  and 
Ifision  was  soon  permanently  lost  (Shaw).  In  another  case 
a  patient  lived  for  seven  years  with  complete  paralysis  of 
the  fifth  ner^'e,  yet  the  eye  remained  free  from  disease  and 
sight  was  unimpaired  (Gowers). 

The  so-called  'trophic'  effects  follo\ving  division  of  both 
^-agi  we  have  already  discussed  Cp.  182)  so  far  as  they  are 
concerned  with  the  respiratory  system.  The  cardiac  changes 
arc  perhaps  secondary  to  the  pulmonary,  or  due  to  the  want 
of  nervous  restraint  on  the  functional  activity  of  the  heart. 
^_  The  nutritive  alterations  in  muscles  and  salivary  glands 
^Kfter  section  of  motor  and  secretory  nei^'es  seem  to  depend 
^ftn  functional  and  vaso-motor  changes.  In  muscles  they 
^tome  on  far  too  late  to  be  due  to  the  loss  of  *  trophic ' 
I      nerve-fibres. 

Section  of  the  cervical  sympathetic  in  young  tab\)\\.s  ^tvA 
is  said  to  increase  the  growth  of  the  eat  UTvd  ol  X?cvt 


hair  on  the  same  side  ;  but  it  is  impossible  to  separate  these 
consequences  from  the  vaso-motor  paralysis  :  and  the  same 
is  true  of  the  hypertrophy  following  section  of  the  \'a5o-motor 
nen'es  of  the  cock's  comb  and  of  the  nerves  of  bones.    The  I 
statement  has  recently  been  made  that  on  section  of  the! 
superior  larj-ngeal  nerve  in  the  horse  the  lar>'ngeal  niusdesj 
undergo  rapid  atrophy.    This  seemed  to  indicate  either  thit] 
the  nerve  contains  efferent  '  trophic  *  fibres  for  the  muscles. 
or  that  the  activity  of  its   afferent  fibres  has  a  profound 
influence   on    their    nutrition.      Bat    it    appears  doabtfol 
whether  the  alleged  facts  can  be  made  good,  and  not  less 
doubtful  whether,  in  any  case,  they  would  justify  the  in- 
ferences that  have  been  drawn  from  them.     And  Mott  and 
Sherrington  have  found  that,  although  section  of  the  pos- 
terior roots  in  monkeys  is  followed  after  a  time  (three  weeks 
to  three  months)  by  ulceration  over  certain  portions  of  the 
foot,   no  corresponding  lesions  occur  in  the  hand.     Thej 
believe,  therefore,  that  the  lesions  are  not  due  to  the  with 
drawal  of  a  reflex  trophic  tone,  but  are  accidental  injuries  to 
positions  specially  exposed  to  mechanical  or  niicrobic  ins!i!u< 

Omitting  the  group  of  '  trophic '  nerves,  and  the  even  more  pf^ 
blematic.ll  *  thermogenic '  fibres,  peripheral  nerves  may  be  cU»if^ed 
as  follows : 

^Smell. 
Ta$tc. 
Hearing. 
Sight 

Tactile  sensitioD  (f«t 
haps    including  ihc 
nerves    of  muscuiar 
sense). 
Temperature. 
Pain. 

rCalibre  of  smalUrtenfl 
{pressor,  depressor^ 
Action  of  heart 
\'isceral  moveraenti 
Respiratory  mo^e* 

ments. 
Glandular  scaetion. 
Ordinary     skeletal 
muscles. 

*  It  is  not  known  w\itxhtT  v\\t  aRwwA.  v^rwsi^  cA  ■»l\«Ah-«.mc««A*^ 
composed  of  fibres  VncWdeA  m^  v\w  tvris.  v«<a  ^»we«™A^  <«»»^ 
undoubtedly  in  some  cases  aw. 


Centripetal 

or  afferent 

fibres 


I .  Nerves  of  special  sensation 


2.  Nerves  of  general  sensation 


3.*  Possibly  nerves  other  than 
those  included  under  i 
and  J,  concerned  in  reflex 
changes  in 
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I.  Motor  nerves  for-  Vascular 


Skeletal  muscles. 
Visceral       „ 

rVaso-constrictor. 
\  Cardio  -  augmen- 
Centrifugal  i     tor. 

or  efferent  \  Erector   muscles    of    hairs    {pilo- 

fibres  \     motor  fibres). 

j  Visceral  muscles. 

2.  Inhibitory  nerves  for- 
[Vascular      „     -i*^aiuiu-ii 

3,  Secretory  ner\es.  [     bitory. 


I'Vaso-dilator. 
■  Cardio- inbi- 


PRACTICAL  KXERCISES  ON  CHAPTERS  IX.  AND  X. 

I.  Difference  of  Make  and   Break  Shocks  f^om  an  Induction 

Machine, —Connect  a  Haniel!  cell  B  (Fig.  li?)  wiih  the  two  upper 
binding-screws  of  the  primary  coil  P,  and  interpose  a  spring  key  K 
in  the  circuit.  Connect  a  pair  of  electrodes  with  the  binding- 
screws  of  the  secondary  coil  (Fig.  :6o). 


Fic  160.— Akhancuiext  of  Cuil  tOR  Single  Shuck)>. 

Electrodes  can  be  very  simply  made  by  pushing  copper  wires 
through  two  glass  tubes,  filling  the  ends  of  the  tubes  with  sealing- 
wax,  and  binding  them  together  with  waxed  thread.  The  projecting 
points  may  be  filed,  and  the  nerve  laid  directly  on  them,  or  they 
may  be  tipped  with  small  pieces  of  platinum  wire  soldered  on. 

(rt)  Push  the  secondary  away  from  thu  primary,  until  no  shock  can 
be  felt  on  the  tongue  when  the  current  from  the  battery  is  made  or 
broken  with  the  key.  Then  bring  the  secondary  gradually  up  towards 
the  primary,  testing  at  every  new  position  whether  the  shock  is  per- 
ceptible- It  will  be  felt  first  at  break.  If  the  secondary  is  pushed 
still  further  up,  a  shuck  will  be  felt  both  at  make  and  at  break. 
From   this  we  learn  that   for  sensory  nerves  the  btcik.  sV^ao-V.  \% 
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stronger  than  the  make.    The  same  can  easily  be  demonstrated  fu 
motor  nerves  and  for  muscie. 

{d)  Smoke  a  drum  and  arrange  a  myograph,  as  shown  in  Fig.  165 
But  omit  the  brass  piece  F,  and  do  not  connect  the  primary 
the  drum,  as  there  shown,  but  connect  it  as  in  ¥'\^.  160.     Pith  a  I 
(brain  and  cord),  and  make  a  muscle-nerve  preparation. 

To  make   a   A/usc/^-.Verre   Prtparation. — Hold    the  frog   by  ibc 
hindle^s ;  the  front  part  of  the  lx)dy  will  hang  down,  making  aa 
angle  with  the  posterior  portion.     With  stror^  scissors di\   "     ■ 
bone  anterior  to  this  angle,  and  cut  away  all  the  front  y 
body,  which  will  fall  down  of  its  own  weight.     Make  .1 
cision  at  the  level  of  the  lendo  Achillis,  and  anoiher  at  v. 
of  the  femur,  through  ihe  skin.     The  »ciaiic  nerve  niu? 
secied  out,  as  follows  :  Kemove  Ibc  skin  from  the  thigh, 
the  leg  in  the  left  hand,  slit  up  the  fascia  which  connects  the  < 
and  internal  groups  of  muscles  on  the  back  of  the  thigh.     (" 
the  separation  with  the  two  thumbs.     Cut  through  the  ilb 
taking  care  that  the  blade  of  the  scissors  iswell  pressed  against  Ih^.  ..-  -v, 
otherwise  there  is  danger  of  severing  the  sciatic  plexus.     Now  divide 
JD  the  middle  line  the  part  of  the  spinal  column  which  remains  iboft 
the  urostyle.    A  piece  of  bone  is  thus  obtained  by  means  of  which  the 
ner\'e  can  be  manipulated  without  injury.     Seize  this  piece  of  bow 
with  the  forceps,  and  carefully  free  the  sciatic  plexus  and  ncn*e  fnw 
their  attachments  right  down  10  the  gastrocnemius  muscle,  ukins 
care  not  to  drag  ujwn  the  nene.     The  muscles  of  the  thigh  will  opt*- 
tract,  as  the  branches  going  to  them  are  cut.     This  is  an  inv:  i 
mechanical  stimulation.     Now  |>ass  a  thread  under  the  tendo  .\ 
tie  it,  and  divide  the  tendon  below  it.     Strip  up  the  tube  of  skm  ;  .i' 
covers  the  gastrocnemius,  as  if  the  finger  of  a  glove  were  bein^  ulicfl^ 
off.     Tear  through  the  loose  connective  between  the  muscle  and  I 
tx^nesofthe  leg,  and  divide  the  latter  with  scissors  just  below  the  1 
Cut  across  the  thigh  at  its  middle.     Fix  the  preparation  on  ibc  1 
plate  of  the  myograph  by  a  pin  passed  through  the 
lower  end  of  the  femur,  and  attach  the  thread  to  the  uprlgti 
the  lever  by  one  of  the  holes  in  it.     Hang  not  6ir  from 
means  of  a  hook  a  small  leaden  weight  (5  to  10  grat< 
arm   of  the   lever  which   carries  the   writing-point,   and  \\\<j\t 
myograph  plate  or  the  muscle  nerve  preparation  until  this  .urn  rt  ja 
horizontal.     Fasten  the  electrodes  from  the  secondary  coil  on  ik 
cork  plate  with  an  indiarubber  Kind;  lay  the  nerve  on  them  ;  and  o^u-r 
both  muscle  and  nerve  with  an  arch  of  blotting-paper  moistened  wi'fi 
normal  saline,  taking  care  that  the  blolting-^uper  does  not  touch  tU 
thread.     Adjust  the  writing-point  to  the  drum.     Begin  with  such* 
distance  between  the  coils  that  a  break  contraction  is  just  obiaifwjd 
on  opening  the  key  in  the  primary  circuit,  but  no  make  conlraclioa 
The  lever  will  trace  a  vertical  line  on  the  stationary  drum.     KeaJo'L 
on  the  scale  of  the  induction  machine  the  distance  between  ibc  coih 
and  mark  this  on  the  drum.     Now  allow  the  drum  to  move  aiitl 
still  keeping  the  wnim%-vow\v  \tv  ccit\Vic\-«\>\v'\v  ,,  vKtti  Qusb  up  i« 
secondary  coil   i  cet\t^mcvi(;  txewtv  <!t»fc  v^wv^-^^i.-cA  OJc«t■^^ 
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'there  is  a  contraction,  let  the  drum  move  a  little  before  opening 
Ihcke)' again,  so  that  the  lines  corresponding  to  make  and  break  may 
licKparated  from  each  other.  If  there  is  still  no  contraction  at  make, 
go  on  moving  the  secondary  up,  a  centimetre  (or  less)  at  a  time,  till 
a  moke  contraction  appears.  \Vhen  the  coils  are  still  further  approxi- 
tnited,  the  make  may  become  equal  in  height  to  the  break  con- 
traction, both  being  maximal.  ;>.,  as  great  as  the  muscle  can  give 
with  any  single  shock  (Fig.  i6i). 


Fi'j.,   j6t  — C»'SiB\'  Titjss  cAi.'sKn  iiv  Make  and  Dkeak  Shucks  trom  a\ 

t^ULXTION    NlACHlNt™ 

U.  make  ;   R.   brenk  contractions.    The  nunibert  give  tlic  distance  lietweeD  thi 
prisiftr7  AA(^  sccontiary  colb  ip  crtiumeuea. 

(f)  Attach  a  ihin  insulated  copper  wire  to  each  terminal  of  the 
tecondary.  I.oop  the  bared  end  of  one  of  the  wires  through  the 
tendo  Achillis,  and  coil  the  other  round  the  pin  in  the  femur,  so 
that  the  shocks  will  pass  through  the  whole  length  of  the  muscle. 
Rejteal  the  experiment  of  (^),  with  direct  stimnlntion  of  the  muscle. 

?  Stimulation  of  Nerve  and  Ma.^cle  by  the  Voltaic  Onrrent — {a) 
Connect  a  Oaniell  cell  through  a  key  with  a  pair  of  electrodes  on 


l6X— ^lUPLE.  RUEOCOKU  AKKANG^O  TO  SF.KD  A   TwiU  Of  A   Ci;il|tbKT 
THHOL'GH   A    MUSCLE  UK   NeHVliU 

B.  bAiierr  ;  ^.  rheocord  wlre(GennAn  lUver^  ;  S.  ilider  formed  of  a  shon  piece  of 
thicic  indionibber  tubing  filled  with  mercury  ;  K.  spring  key  ;  W.  W ,  wirca  cooncctcd 
with  electrode*. 

which  the  nerve  of  a  muscle-nerve  preparation  lies.  Observe  that 
the  muscle  contracts  when  the  current  is  closed  or  broken,  but  not 
during  its  passage. 

Connect  the  cell  with  a  simple  rheocord,  as  shown  in  Fij,.  \6a^  ?« 
that  a  iwigof  the  current  o/"any  desired  strength  may  be  sevA\\\ioM^ 
the  nerve.     As  the  strength  of  the  current  is  decreased  V*"^*  \ttONW% 
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the  slider  S,  it  will  l»c  found  thai  it  first  becomes  impossible  to 
A  contraction  at  break.  The  cuixcnl  must  be  still  further  tedi 
before  the  makt  contraction  disappears,  for  the  closing  of  a  gal 
■stream  is  a  stronger  stimulus  than  the  breaking  of  it.  The 
or  make  contraction  obtained  by  stimulating  a  nerve  with  in 
<Juction-machine  must  not  be  confused  with  the  break  or 
contractions  caused  by  the  voltaic  cutrcnl.  In  the  case 
induction-machine,  the  break  or  make  applies  merely  to  what  is 
in  the  primary  circuit,  not  to  what  happens  to  the  current  aaiully 
passing  through  the  nerve.  The  current  induced  in  the  serondaryi; 
make  of  the  primary  circuit  is,  of  course,  both  made  and  broken  lo 
the  nerve — made  when  it  begins  to  flow,  broken  when  the  flo»  t» 
over ;  the  shock  induced  at  break  of  the  primary  is  alM>  made  and 
broken  in  the  nerve.  And  although  make  and  break  of  the  ai 
stmiulating  current  come  very  close  together,  the  real  make, 
too,  is  a  stronger  stimulus  than  the  real  break. 

(b')  Repeat  {a)  with  the  muscle  directly  connected  by  thin 
wires,  or  t>ciier,  unpobri/able  electrodes  (p.  579),  to  the  cell. 

3.  Mechanical  Stimulation.^ Pith  a  frog.     Cut  away  the  an 
portion  of  the  body,  dissect  out  one  sciatic  ner\e,  and  separate 
leg  to  which  it  belongs  from  the  other.     Pinch  the  end  of  the 
or  prick  the  musck's,  and  they  contract, 

4.  Thermal  Stimulation. —  Touch  the  nerve  of  the  same  pi 
tion  with  a  hot  wire  ;  the  muscle  contracts  The  nerve  is  killed  at  ilie 
point  of  contact,  but  can  be  again  stimubted  by  touchiog  it  witb  d)e 
wire  lower  down. 

5.  Chemical  Stimulation. —  (n)  Cut  off  the  injured  poiijon  of  die 
nerve  used  in  3  and  4.  Apply  to  the  cut  end  a  cr^'stal  of  comman 
salt,  or  let  the  ner\'e  dip  into  a  watch-glass  containing  a  saturated 
solution  of  salt  In  a  short  time  the  muscles  supplied  by  the  ncnt 
begin  to  twitch,  and  soon  enter  into  irregular  tetanus.  Cut  off  the 
piece  of  nerve  in  contact  with  the  salt,  and  the  tetanus  slops.  This 
shows  that  the  seat  of  irritation  is  the  i»ortion  of  the  nerve  into  which 
the  salt  has  penetrated,  and  from  which  water  has  been  withdiami 
by  osmosis.  Contraction  can  also  be  caused  by  ap|>lying  the  all 
directly  to  the  muscles. 

(b)  Wrap  the  leg  in  blotting-paper  moistened  with  normal  lalinc 
and  expose  the  ner\e  to  the  vapour  of  strong  ammonia ;  it  will  be 
killed,  but  not  stimulated,  for  the  muscles  will  not  contract.  Eimk 
the  muscles  themselves  to  the  ammonia,  and  contraction  will  occtir. 
Accordingly  muscle  is  stimulated  by  ammonia,  white  nene  is  itoL 

6.  Ciliary  Motion.— Cut  away  the  lower  jaw  of  the  same  frc^  aod 
place  a  small  piece  of  cork  moistened  with  normal  saline  on  ibc 
ciliated  surface  of  the  mucous  membrane  covering  the  roof  of  the 
mouth.  It  will  be  moved  by  the  cilia  down  towards  the  gullet.  U]f 
a  small  rule,  divided  into  millimetres,  over  the  mucous  mcmbnne. 
and  measure  with  the  stopwatch  the  time  the  piece  of  cork  take*  to 
travel  over  to  milUn:\cttes.  Then  ^jour  normal  saline  beated  to 
JO*"  C.  on  the  cv\mT>-  sutlacc^  Tav\i\^  v«^ '*Cv\\N5yc(v>:\\N,v^ja:^.wai 
repeat  the  obseivauon.    tW  v^tct  ta\  wiV'«\>\  ww\«.  wwA.«». 
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cUy  thnn  before^  unless  the  normal  saline  has  been  so  hot  as  to 
'  the  cilia. 

Direct  Excitability  of  WnBiiie— Action  of  Cwnira.— Pith  the 

un  of  a  frog,  and  prevent  bleeding  by  inserting  a  piece  of  match. 

the  sciatic  nen'e  in  the  thigh  on  one  side.     Carefully  separate 

'it,  for  a  length  of  half  an  inch,  from  the  tissues  in  which  it  lies.    Pass 

I  strong  thread  under  the  nerve,  and  tie  it  tightly  round  the  limb, 

'!ng  the  nerve.     Now  inject  into  the  dorsal  or  ventral  lymph- 

i',w  drops  of  a  1  per  cent,  curara  solution,     As  soon  as  paralysis 

l^  cuiiiplcte,  make  two  muscle-nerve  preparations,  isolating  the  sciatic 

ncfvii".  n^ht  up  to  the  vertebral  column.     Lay  their  upper  ends  on 

eieftrodes   and   stimulate  ;    the  muscle  of  the   ligatured   limb  will 

coniracl.     This  proves  that  the  nerve-trunks  are  not  paralyzed  by 

curara,  since  the  poison   has  been   circulating  in  them  atwvc  the 

ligaiurc     The   muscle   of    the   leg  which   was   not   ligatured  will 

contract  if  it  be  stimulated  directly,  although  stimulation  of  its  nerve 

has  no  effect.     The  muscular  fibres,  accordingly,  are  not  paralyzed. 

The  scat  of  paralysis   must   therefore  be  some  structures  physio- 

ll    logically  intermediate  between    the   nerve  trunk   and   the  muscular 

I    fibres  (p.  481). 

8.  C^phic  Record  of  a  Single  Muscular  Contraction  or  Twitch. 
— Pith  a  frog  (brain  and  cord),  make  a  muscle  nerve  [>reparation, 
and  arrange  it  on  the  myograph  plate,  as  in  1  \b).  Ljiy  the  nerve  on 
electrodes  connected  with  the  secondary  coil  of  an  induction  machine 
arranged  for  single  shocks.  Introduce  a  short-circuiting  key  (Fig.  134) 
between  the  electrodes  and  the  secondary  coil,  and  a  spring  key  in 
the  primary  circuit  Close  the  short-circuiting  key,  and  then  press 
down  the  spring  key  with  the  finger.  l,et  the  drum  ofl*  (fast  speed) ; 
the  writing-point  will  trace  a  horizontal  abscissa  line.  Open  the 
ibort  circuiting  key,  and  then  remove  the  finger  from  the  spring  key. 
The  nerve  receives  an  opening  shock,  and  the  muscle  traces  a  curve. 

L^kfw  adjust  the  writing-point  of  an  electrical  tuning-fork  (Kig.  163), 
^Brating.  say,  100  times  a  second,  to  ihe  drum,  and  take  a  time- 
^mcing  below  the  muscle-curve.  Stop  the  drum,  or  take  off  ihe 
wniing-pwint,  the  moment  the  time-tracing  has  completed  one  cir- 
cumference of  the  drum,  so  that  the  trace  may  not  run  over  on  itself. 
Cut  off  the  drum-paper,  write  on  it  a  brief  description  of  the  experi- 
ment, with  the  time  value  of  each  vibration  of  the  fork,  the  date, 
and  the  name  of  the  maker  of  the  tracing,  and  then  varnish  it. 
An  exactly  similar  tracing  can  be  obtained  by  directly  stimulating 
the  muscle  (curari^ed  or  not). 

9.  Inllnence  of  Temperature  on  the  Muscle-ctirve.— Pith  a  frog 
(brain  and  cord),  make  a  muscle-nerve  preparation,  and  arrange  it  on 
a  myograph.  Lay  the  ner\e  on  electrodes  connected  through  a 
short-circuiting  key  with  the  secondar)*  coil  of  an  induction-machine, 
or  connect  the  muscle  directly  with  the  key  by  thin  copper  wires. 
Take  a  Paniell  cell,  connect  one  pole  through  a  simple  key 
with  one  of  the  upper  binding -screws  of  the  prin^at^  co\\,  auCi  \W 
other  pole  wirh  the  metal  of  the  drum.  A  wire,  ii\s\\\alei  \tw\\  ^\t 
dnrm,  but  clamped  on  the  vertjcai  part  of  its  suw^^i  ^"^  "^^^  ^^ 
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fastened  on  the  'Pi^^d'^'V"  At  S^h  evolution  of  the  drnn,  the 
of  the  primarj'  (I'S-  '''3>;  .^''„'"s  the  strip  of  brass  brushes 
primary  circuit  is  made  and  broken  one    a   t^he^s.^P^^^^^^^^_^^ 

;'Srtt:;Xn^heti:ing.poinrof  t^e  myo^ph  lever  has  l>«n 
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once  adjusted  to  the  drum,  successive  stimuli  will  cause  coniraciions, 
the  curves  of  which  all  rise  from  the  same  point.  Close  the  key  in  the 
primary,  set  the  drum  off  (fast  speed),  open  the  short-circuiting  key, 
and  as  soon  as  the  muscle  has  contracted  once,  close  it  again.  Now 
stop  the  drum,  mark  with  a  pencil  the  position  of  the  feet  of  the 
stand  carrying  the  myograph  plate,  lake  the  writing  point  off  the  drum, 
and  surround  the  muscle  with  pounded  ice  or  snowt  After  a  couple 
of  minutes  brush  away  any  ice  which  would  hinder  the  movement  of 
the  muscle,  rapidly  replace  the  stand  in  exactly  its  original  position, 
with  the  writing-point  on  the  drum,  and  lake  another  tracing.  Again 
take  off  the  writing-point,  and  remove  all  unmelted  ice  or  snow.  With 
a  fine-pointed  pipette  irrigate  the  muscle  with  normal  saline  at  30'  C, 
and  quickly  take  another  tracing.  Then  put  on  a  time-tracing  with  the 
electrical  tuning-fork.  Fig.  145,  p.  492,  shows  a  series  of  curves 
obtained  in  this  way. 

10.  Influence  of  Load  on  the  Muscle-cnrve. — Arrange  everything 
as  in  9.  Take  a  tracing  first  with  the  lever  alone,  then  with  a  weight 
of  5  grammes,  then  with  10,  20,  50,  and  100  grammes  (big.  144, 
p.  490). 

11.  Influence  of  Fatigue  on  the  Muscle  curve. ^Arrange  as  in  zo, 
but  leave  on  the  same  weight  (say,  10  grammes)  all  the  time.  Place 
the  nerve  on  the  electrodes.  I.eave  the  short-circuiung  key  open. 
The  nerve  will  be  stimulated  at  each  revolution  of  the  drum,  and  the 
writing-point  will  trace  a  series  of  curves,  which  become  lower,  and 
especially  longer,  as  the  preparation  is  fatigued.  Two  or  four  curves 
can  be  taken  at  the  same  lime,  if  both  ends  of  one  or  of  two  brass 
slips  be  arranged  so  as  to  make  contact  with  the  projectmg  wire 
at  an  interval  of  a  semicirrumferenre  or  quadrant  of  the  drum 
(Fig.  16;;).     (For  specimen  curve  sec  Fig.  i4g,  p.  495.) 

12.  Beat  of  Exhaustion  in  Fatigue  of  the  Muscle-nerve  Prepara- 
tion for  Indirect  Stimulation. — When  the  nerve  of  a  muscle-nerve 
preparation  has  been  stimulaied  until  contraction  no  longer  occurs, 
the  muscle  can  be  made  to  contract  by  direct  stimulation.  The  seat 
of  exhaustion  is,  therefore,  not  the  muscular  fibres  themselves.  To 
determine  whether  it  is  the  nerve-fibres  or  ihe  nerve-endings,  perform 
the  following  experiments : 

(d)  Pith  a  frog ;  make  two  muscle-nerve  preparations ;  arrange 
them  both  on  a  myograph  plate,  which  has  two  levers  con- 
nected with  it.  Attach  each  of  the  moscles  to  a  lever  in  the  usual 
way,  and  lay  both  nerves  side  by  side  on  the  .same  pair  of  elec- 
trodes. Cover  with  moist  blotting-paper.  The  electrodes  are  con- 
nected with  the  secondarj'  of  an  induction-machine  arranged  for 
tetanus.  With  a  camel's-hair  brush  moisten  one  of  the  nerves 
l>ctween  the  electrodes  and  the  muscle  with  a  mixture  of  ether  and 
alcohol,  to  abolish  the  conductivity.  As  soon  as  it  is  possible 
to  stimulate  the  nerves  without  obtaining  contraction  in  this  muscle, 
proceed  to  tetanize  both  nerves  till  the  contracting  muscle  is  ex- 
hausted. If  the  other  muscle  begins  to  twitch  during  the  stimula- 
tion, more  of  the  ether  mixture  must  be  painted  on  the  nerve.  Aa 
soon  as  the  stimulation  cuases   to  cause   conVracuou  "to  \^fe  tvotw- 
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etherized  preparation,  wash  off  the  mixture  from  the  other 
with   normal   saline,  and   soon   contracEion   may  he   seen  to  eke 
place  in  the  muscle  of  this  preparation.     This  shows  that  the  nen*-  j 
trunk  is  still  excitable.     Now,  both  nerves  have  been  equallr ! 
bted,  and  therefore  the  exhaustion  in  the  non-etherized  prepar 
was  not  due  to  fatigue  of  the  nervc-6bres,  but  of  the  nerve-eodingi.  j 

(*)  Inject  X  gramme  chloral  hydrate  into  the  rectum  of  a  rabh 
and  put  a  pair  of  bulldog  forceps  on  the  anus.  Fix  the  animal  on  i 
bolder  as  soon  as  the  chloral  has  taken  effect  Clip  the  hair  from  t 
front  of  the  neck  and  insert  a  tracheal  cannula  (p.  151).  Nov  inje 
subcutaneously  enough  of  a  1  per  cent,  solution  of  curara  10  jm 
paralyze  the  skeletal  muscles.  As  soon  as  symptoms  of  paraUstit 
the  muscles  of  respiration  have  appeared,  connect  the  tracheal  cannai 
with  the  artificial  respiration  api>aratus.  Now  expose  the  sciatic  no 
(p.  1 55)  on  one  side*  put  on  a  ligature,  and  divide  it  above  the  ligatu 
Lay  the  nerve  on  electrodes  connected  with  the  secondary  coil  crt  i 
induction  machine  arranged  for  tetanus,  and  stimulate   it    If  I 


Fig.  164.— Lombakus  AkK.XNaeMKNT  fob  Studitisg  Vuluniarv  Mlioujui 

Fatigue. 


muscles  supplied  by  the  nerve  contract,  curara  must  be  injected  till 
contraction  is  no  longer  obtained.     Then  the  ner\*e  is  coniMi 
stimulated  for  a  long  time.     After  some  hours  the  curara  aci; 
begin  to  wear  off",  and  it  may  be  seen  that  the  muscles  of  the  i»i 
again  contract.     This  shows  that  even  a  ver>-  prolonged  sliraulalionis 
not  sufficient  to  exhaust  the  cxtra-niuscular  nerve-fibrcb  (liuwditch). 
13.  Seat  of  ExhaoBtioD  in  Fatlffue  for  Voltrntiir  Muscular  Oca 
traction.— Support  the  arm,  exrensor  surface  downwards,  on  a  tea 
such  as  that  shown  in  Fig   164,  and  connect  the  middle  finger  of  one 
hand,  by  means  of  a  string  passing  over  a  pulley  on  the  edge  of  a 
table,  with  a  weight  of  3  or  4  kilos.     The  siring  is  attached  to  the 
finger  by  a  leather  collar  surrounding  the  second  phalanx  of  the 
finger,  but  allowing  free  movements  of  the  joints.     Two  collar  dec 
trodes  (strips  of  copper  covered  with  cottonwool  soaked  in  salt  solo 
tion,  and  bent  to  a  circular  form)  are  placed  on  the  forearm,  and  con 
nected  through  a  sVioti-cucuvuw^V.f^  '«vC!x'Cwi%ii*;<ii^'^^\Ni  tci\l  of  an  I'l- 
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duction  machine  arranged  for  tetanus  (p.  149),  and  having  a  battery 
of  four  or  five  Daniell  cells,  coupled  in  series,'  in  its  primary  circuit. 
The  middle  finger  is  now  made  to  raise  the  weight  repeatedly  by 
vigorous  contractions  of  the  flexor  muscles  until  at  length  a  failure 
occurs.  At  this  moment  the  short-circuiting  key  is  opened,  and  the 
flexor  muscles  stimulated  electrically.  They  again  contract  and  raise 
the  weight,  therefore  the  seat  of  exhaustion  in  voluntary  muscular 
effort  is  not  in  the  muscles.  That  it  is  not  usually  in  the  nerve- 
endings  nor  in  the  nerves  may  be  shown  by  inducing  fatigue  of  the 
finger  for  voluntary  contraction  in  the  same  way,  and  then  stimu- 
latmg  the  median  nerve  at  the  bend  of  the  elbow  by  s[>onge  elec- 
trodes. The  usual  scat  of  fatigue  for  voluntary  muscular  contraction 
must  therefore  be  in  the  spinal  cord  or  brain,  and  as  we  have  no 
reason  to  believe  that  the  nerve-fibres  of  the  central  nervous  system 
are  essentially  dilTerent  from  peripheral  nerve-fibres,  we  conclude  that 
the  fatigue  is  in  the  nerve-cells  or  plexus  (p   590). 

14.  Inflaence  of  Veratria  on  Muscular  Contraction. — Arrange  a 
drum  as  in  Fig.  163.  Pith  a  frog  (brain  only),  expose  the  sciatic 
nerve  in  one  thigh,  and  isolate  it  for  ^  inch  from  the  surrounding 
tissues.  Pass  under  it  a  strong  thread,  and  ligature  everything  except 
the  nerve.  Now  inject  into  the  dorsal  or  ventral  lymph-sac  a  few 
drops  of  ot  per  cent,  solution  of  sulphate  of  veratria.  In  a  few 
minutes  make  two  muscle-nerve  preparations  from  the  tK)sterior  limbs. 
First  put  the  preparation  from  the  unligaturcd  limb  on  the  myograph 
plate,  l^y  the  nerve  on  electrodes  connected  through  a  short-circuit- 
ing key  with  the  secondarj-  of  an  induction  machine  arranged  as  in 
Fig.  163.  Put  the  writing-point  on  the  drum  and  set  it  off  (fast 
speed).  Open  the  short-circuiting  key  till  the  nerve  has  been  once 
stimulated,  then  close  it  again.  The  curve  obtained  differs  from  a 
normal  curve,  in  that  the  period  of  descent  (reiaxation)  is  exceedingly 
prolonged.  Now  connect  the  preparation  from  the  ligatured  limb 
with  the  lever,  and  take  a  tracing  of  a  single  contraction.  Put  on  a 
ime-tracing  with  the  electrical  tuning-fork  (see  Fig.  150,  p.  497). 

15.  Measurement  of  the  Ijatent  Period  of  Muscular  OontractioiL 
Use  the  spring  myograph  (Fig.  141,  p.  4S7),  raising  it  on  blocks  of 

wood.  Smoke  the  glass  plate  over  a  paraffin  flame,  or  cover  it  with 
paper,  and  smoke  the  paper.  Connect  the  knock-over  key  of 
the  myograph  with  the  primary  circuit  of  an  induction  coil.  Pith  a 
frog  (brain  only),  and  curarizc  it  as  in  7,  p.  543 ;  then  pith  the  spinal 
cord  and  make  a  muscle-nerve  preparation.  Arrange  it  on  the  myo- 
graph plate.  J*lace  electrodes  below  the  nerve  as  near  the  muscle  as 
possible,  and  connect  by  a  short-circuitir;g  key  with  the  secondary. 
Bring  the  writing-point  in  contact  with  the  smoked  surface  of  the 
spring  myograph,  so  as  to  get  the  proper  pressure.  See  that  the 
writing-point  of  the  tuning-fork  is  in  the  right  position  for  tracing 
time.  Then  push  up  the  plate  so  as  to  compress  the  spring,  till  the 
rod  connected  with  the  frame  which  carries  the  plate  is  held  by  the 
catch. 


V 


♦  /.f.,  the  copper  of  one  cell  connected  with  the  utv<:  ot  ^^w.T^.*.x^. 
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With  the  short-circuiting  key  closed,  press  the  release  and  allow  an 
abscissa  line  to  be  traced.  Again  shove  back  the  frame  nil  it  is 
caught.  I'ush  home  the  rod  by  means  of  which  the  prongx  of 
the  tuning  fork  are  separated,  and  rotate  it  through  90'.  Gojc 
the  knock-over  key.  open  the  short-circuiting  key,  shocH  the  pUic 
agam,  and  a  muscle-curve  and  time-tracing  will  be  recorded.  Again 
close  the  short<ircuiting  key,  withdraw  the  writing-point  of  the 
tuning-fork,  push  back  the  plate,  close  the  trigger-key,  then  open  the 
short-circuiting  key,  and  holding  the  travelling  frame  with  the  tund, 
allow  it  just  to  open  the  knock-over  and  stimulate  the  nerve.  The 
writing-point  now  records  a  vertical  line  <or,  rather,  an  arc  of  a  circle), 
which  marks  on  the  tracing  the  moment  of  stimidation.  The  Uieni 
period  is  obtained  by  drawing  a  parallel  line  (or  arc)  through  the 
point  of  the  muscle-curve  where  it  just  b<»gins  to  diverge  from  ihe 
abscissa  line.  The  %*alue  of  the  portion  of  the  time-tracing  betvefli 
these  two  lines  can  be  readily  detennined,  and  is  the  latent  period. 

16.  Sommatlon  of  StimoU. — ^Arrange  two  knock-over  keys  on  the 
sprmg  myograph  at  such  a  distance  from  each  other  that  the  pan 
travels  from  one  to  the  other  in  a  time  less  than  the  latem  period. 
Connect  each  key  with  the  primary  circuit  of  a  separate  in- 
duction coil  having  a  couple  of  i>aniells  in  it.  Join  two  of  ibc 
binding-screws  of  the  secondaries  together;  connect  the  other  tuo 
through  a  short-circuiting  key  with  electrodes,  on  which  the  nerve  of 
a  muscle-nerve  preparation  is  arranged  Push  up  the  secondants  tHi 
the  break  shocks  obtained  on  opening  the  two  knock-over  kc\sart 
maximal.  Then  shoot  the  plate  as  described  in  15,  first  wilb  o« 
trigger  key  closed,  and  then  with  both.  The  curves  obtaii^'d  should 
be  of  the  same  height  in  the  two  cases,  as  a  second  maximal  &•  i 
falling  within  the  latent  period  is  ignored  by  the  nerve  or  l.  . 
Repeat  the  experiment  with  submaximal  stimuli,  i.c^  with  siioi  1 
distance  of  the  coils  that  opcnmg  of  either  trigger  key  does  not  ciOK 
as  strong  a  comraution  as  is  caused  when  the  coils  arc  closer.  IV 
curve  will  now  be  higher  when  the  two  shocks  are  thrown  in  so^ 
cessively  than  when  the  nerve  is  only  once  stimulated.  This  shows 
that  (subma.ximal)  stimuli  can  be  summed  in  the  nen-e.  The  same 
could  be  demonstrated  for  muscle  (p.  498). 

17.  Superposition  of  Contractions. — Smoke  a  drum  arranged  for 
automatic  stimulation  as  in  Fig.  163.  .Adjust  the  brass  points  with 
a  distance  of,  say,  one  centimetre  between  them,  so  that  a  second 
stimulus  may  be  thrown  into  the  nerve  at  an  interval  greater  than  tbc 
latent  period  of  muscle.  Put  two  Daniells  in  the  primary  circjtt. 
\jxxy  the  nerve  of  a  muscle-nerve  preparation  on  electrodes  connccied 
through  a  short-circuiting  key  with  the  secondar)-.  ^-Vllow  the  drum 
to  revolve  (fast  speed) ;  open  the  short-circuiting  key  till  both  brass 
points  have  passed  the  projecting  wire,  then  close  it  Now  bend 
back  the  second  brass  point,  and  take  a  tracing  in  which  the  6rsJ 
curve  is  allowed  to  complete  itself.  This  will  not  rise  as  high  as  \U 
second  curve  obtained  when  the  two  stimuli  were  thrown  in.  Keptai 
the  experimcnl  w\lh  varjSi\%  \t\v«,xn»\s  between  the  brass  points- 
thai  is,  between  the  X^o  sttu:esa;\\t  v:\a\>i;v    Vmv  "ot.  tl  vw 
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with  the  electrical  luningfork.  (For  specimen  curve  sec  Fig.  151, 
P-49S.) 

18.  Composition  of  Tetanus. — {a)  Adjust  a  muscle-nerve  prepara- 
tion on  a  myograph  plate,  ihc  nerve  being  laid  on  electrodes  con- 
nected through  a  short-circuiting  key  with  the  secondar>'  of  an  induc- 
tion machine,  the  primary  circuit  of  which  contains  a  Daniell  cell 
and  is  arranged  for  an  interrupted  current  (Fig.  56,  p.  149).  The 
lever  should  be  shorter  than  that  used  for  the  previous  experiments, 
or  the  thread  should  be  tied  in  a  hole  farther  from  the  axis  of  rota- 
tion, so  as  to  give  less  magnification  of  the  contraction.  Set  the 
Neefs  hammer  going,  let  the  drum  revolve  (slow  speed),  and  open 
the  key  in  the  secondary.  The  xvriting-poini  at  once  rises,  and  traces 
a  horizontal  or  perhaps  slightly-ascending  line.  Close  the  short- 
circuiting  key,  and  ihe  lever  sinks  down  again  to  ihe  abscissa  line. 
If  it  does  not  quite  return,  it  should  be  loaded  with  a  small  weight. 
This  is  an  example  of  complete  tetanus. 

(/')  Connect  the  spring  shown  in  Fig.  165  with  one  of  the  upper 
terminals  of  the 
primary  coil,  and 
the  mercury  cup 
with  the  other. 
Fasten  the  end 
of  tlie  spring 
in  one  of  the 
notches  in  the 
upright  piece  of 
wood  by  means 
of  a  wedge,  so 
that  its  whole 
length  can  be 
made  to  vibrate. 
Let  the  drum 
off,  set  the  spring 
vibrating  by  de- 
pressing it  with 
the  finger,  then 
open  the  key  in 
the     secondary. 

The  muscle  is  thrown  into  incomplete  tetanus,  and  the  writing-point 
traces  a  wavy  curve  at  a  higher  level  than  the  abscissa  line.  Close 
the  short-circuiting  key,  and  the  lever  falls  to  the  horizontal.  Repeat 
the  experiment  with  the  spring  fastened  so  that  only  },  A,  J,  \  of  its 
length  is  free  to  vibrate.  'Ihe  rate  of  interruption  of  the  primary 
circuit  increases  in  proportion  to  the  shortening  of  the  spring,  and 
the  tetanus  becomes  more  and  more  complete  till  ultimately  the 
writing-point  marks  an  unbroken  straight  line.  Put  on  a  time-tracing 
by  means  of  an  electro-magnetic  marker  connected  wiih  a  metronome 
beating  seconds  or  half-seconds  (Fig.  51,  p.  144)-  (For  specimen 
curves  see  Fig.  152,  p.  499.) 

19.  Velocity  of  the  Nerve-impulse— Vj^  iVit  s^vvcii^  wci^^^^ 


Kl'^.   l65.".\kKANOi;MENr   IuH  Te.ia.su'&. 

A.  upright  wiih  notches.  In  which  the  sprinc  S  \\  fastened 
(shown  ID  arcllon)  ;  C,  horizontal  board lo  whicti  A  UattaclieU. 
and  in  a  groove  In  which  the  mercury -cup  E  slides.  "Ihe  primary 
coil  P  is  connected  with  E,  and  llirough  3  simple  key.  K.  wiih 
Oie  batter*  B.  the  other  pole  of  which  isconneciirl  with  the  end 
of  the  ipnng.  The  wire*  from  the  wcondary  coil.  I**,  go  10  a 
thon-circuiiinK  key,  K  .  from  which  Uie  wires  t-'go  off  to  the 
elect  rode». 
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(Fig.  141,  p-  487).  Make  a  muscle-nerve  preparation  from  a  I 
frog  (preferably  a  bull-frog), so  that  ihe  sciatic  nerve  may  belts  la 
as  possible.  Connect  the  knock-over  key  with  the  primary  circuit  of 
an  induction  machine,  which  should  contain  a  single  Daniell  tdL 
Arrange  two  pairs  of  fine  electrodes  under  the  nerve  on  the  myograph 
plate,  one  near  the  muscle,  the  other  at  the  central  end.  CowKCt 
the  electrodes  with  a  Pohl's  commutator  (without  cross-wires),  the  si(l^ 
rups  of  which  are  joined  to  the  terminals  of  the  secondary  coil,  u 
shown  in  I-ig.  166.  By  tilting  the  bridge  of  the  commutator  tbc 
nerve  may  be  stimulated  at  either  point  Great  care  must  be  takct 
to  keep  the  ner\e  in  a  moist  atmosphere  by  means  of  wet  blotting- 
paper  ;  but  ai  the  same  time  it  must  not  lie  in  a  pool  of  normal  saline, 
as  twigs  of  the  stimulating  current  would  in  this  case  spread  down  the 
nerve,  and  wp  could  never  be  sure  that  the  apparent  was  always  ihe  lal 
poini  of  stimulation.     The  writing-jKiints  of  the  lever  and  tuning  foot 


Fig.    166.— y^RRANGEMCNT  FOX   MtA&LIClN'C   lUb   VkLUCITV  UF  TUK  NKIVX< 

A,  ir»velling  plate  of  spring  mTofrnpb  ;  M,  muscle  lying  on  a  rojrocnph  pi*"- 
N.  nen-e.  lymi;  on  iwo  pnirs  of  rlVctrocief,  E  and  E" ;  C,  PohT*  conimuUlor  •hKm: 
cross  wim  ;  K .  Icnock-over  key  of  yprine  myofmph  (only  ibr  bindtne-screws  fchcnmr; 
K',  simple  key  in  pnmary  circuii ;  B,  batiery  ;  P.  primary  coil ;  S,  secotidarr  cmI 

having  been  adjusted  to  the  smoked  plate,  as  in  15,  the  bridge  of  ibc 
Pohl's  commutator  is  arranged  for  stimulation  of  the  distal  point  of  tbc 
ner\e,  the  plate  is  shot  with  the  short-circuiting  key  in  the  secondary 
dosed,  and  an  abscissa  line  and  time-curve  traced.  Then  the  wnlia|- 
I>oint  of  the  fork  is  removed  and  the  pbte  again  shot  with  the  key  in 
the  secondary  open,  and  a  muscle  curve  is  obtained.  'Ilie  com- 
mutator is  now  arranged  for  stimulation  of  the  central  end  of  the 
nerve,  and  another  muscle-curve  taken.  Vertical  lines  are  drawn 
through  the  points  where  the  two  curves  just  begin  to  se[>aratc  «il 
from  the  abscissa  \inc.  T\\e  toV^tviI  between  these  lines  rorrespondl 
io  the  lime  taVen  bv  vhe  nersc\TOv^'^'^^'^^'*^'*^*=^'^'^s^"^wtT«r*t%j^ 
the  central  lo  the  di&ia\  paxi  o^  «t\t^T^t%.    \v&H72«f4R.\^VMMt'9iV*>' 
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by  the  tracing  of  the  tuning-fork.  The  length  of  the  nerve  between 
the  two  pairs  of  electrodes  is  notv  carefully  measured  with  a  scale 
divided  in  millimetres,  and  the  velocity  calculated  (p.  530- 

30.  Chemistry  of  Mtwcle. — Mince  up  some  muscle  from  the  hind- 
legs  of  a  dog  or  rabbit  (used  In  some  of  the  other  experiments),  of 
which  the  bloodvessels  have  been  washed  out  by  injecting  norma) 
saline  solution  through  a  cannula  tied  into  the  abdominal  aorta  until 
the  washings  are  no  longer  tinged  with  blood.  To  some  of  the 
minced  muscle  add  twenty  times  its  bulk  of  distilled  water,  to  another 
portion  ten  times  its  bulk  of  a  5  per  cent,  solution  of  magnesium 
sulphate.  Let  stand,  with  frequent  stirring,  for  twenty-four  hours. 
Then  strain  through  several  folds  of  linen,  press  out  the  residue,  and 
filter  through  paper.  (1)  With  the  filtrate  of  the  watery  extract  make 
the  following  observations  ; 

(a)  Readion. — To  litmus  paper  acid. 

{b)  Support  a  beaker  by  a  ring  which  just  grips  it  at  the  rim.  Fill 
the  beaker  with  water,  and  slide  the  ring  on  the  stand  till  the  lower 
part  of  it  is  immersed  in  a  water  bath.  In  this  beaker  place  a 
smaller  one,  in  the  latter  a  wide  test-tube,  and  in  the  test-tube  a 
thermometer,  all  supported  by  rings  or  clamps  attached  to  the 
same  stand.  Put  some  of  the  watery  extract  in  the  test-tube, 
and  heat  the  bath,  stirring  the  water  in  the  beakers  occasionally 
with  a  feather.  Note  at  what  temperature  a  coagulum  first  forms. 
It  will  be  about  47'  C.  Kilter  this  oflT,  and  again  heat ;  another 
coagulum  will  form  ai  56'  to  58'.  Filter,  and  heat  the  filtrate;  a 
third  slight  coagulum  may  be  formed  at  60"  to  65'  C.  A  copious 
fourth  precipitate  (of  scrum*albumin)  will  come  down  at  70'  to  73*. 
Saturate  some  of  the  watery  extract  with  magnesium  sulphate  ;  a 
large  precipitate  will  be  formed,  showing  the  presence  of  a  consider- 
able amount  of  globulin.  Filter  off  the  precipitate  and  heat  the 
filtrate;  coagulation  will  again  occur  at  very  much  the  same  tempera- 
tures as  before.  The  substance  coagulating  at  47°  to  48"  has  been 
described  by  Halliburton  as  a  globulin,  by  Demant  as  an  albumin. 
If  it  is  a  single  substance,  it  possesses  some  of  the  characters  of 
both  globulins  and  albumins,  for  it  is  partially  but  not  entirely 
precipitated  by  saturation  with  magnesium  sulphate,  and  is  not 
precipitated  by  sodium  chloride. 

(3)  (n)  Test  the  reaction  of  the  magnesium  sulphate  extract.  It 
will  usually  he  faintly  acid. 

{b)  Heat  some  of  it  Precipitates  will  be  obtained  at  the  same 
temperatures  as  in  ( 1 )  ih\  but  those  at  47'  to  48°  and  56'  to  58°  will 
be  more  abundant.  Of  the  two,  that  at  47'  to  48"  will  be  the  brger 
when  time  is  given  for  it  to  come  down  and  the  heating  is  gradual. 

{c)  Dilute  some  of  the  magnesium  sulphate  extract  with  three  times, 
another  portion  wilh  four  limes,  and  another  with  five  times,  its  volume 
of  water  in  a  test-tube,  and  put  in  a  bath  at  40'  C  Coagulation  will 
occur  in  one  or  all  of  these  test  lubes.  To  another  test-tube  of  the 
extract  diluted  in  the  proportion  which  has  given  ihe  best  *  muscle- 
clot  '  add  a  few  drops  of  a  dilute  solution  of  potassium  oxalace.^ xcA 
place  in  the  baih  a:  40'.     Coagulation  occuis  ba  \>tKo\e.    V^\Rx  "cfS. 
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the  clot  from  all  the  test-tubes.    The  filtrate  is  the  '  rousclMerura,' 
and  yields  a  precipitate  of  serum  albumin  at  70*  10  73*  C     Dissolve, 
the  muscle-clot  in  5  per  cent,  magnesium  sulphate.     It  consists 
the  substances  which  coagulate  at  47°  10  48'  and  56'  to  58'. 
are  supposed  by  Halliburton  to  be  two  distinct  bodies — paramyoiin-l 
and  myosin.     But  it  should  be  remembered  that  the  temperature  of 
heat  coagulation  of  any  substance  is  by  no  means  an  absolute  c 
stant.    It  depends  on  the  reaction,  the  pioportion  and  kind  of  ne< 
salts  present,  perhaps  on  the  strength  of  the  proteid  solution  and  ll 
manner  of  heating.    A  solution  of  egg-albumin,  e.g.,  can  he  coaguUi 
at  a  temperature  much  below  70'  when  it  is  heated  for  a  week.  Si 
differences  in  the  temperature  of  heat-coagulation,  unless  suj 
by  well-marked  chemical  reactions,  are  not  enough  to  chai 
proteid  substances  as  chemical  individuals. 

(3)  Afyosin,  like  other  globulins,  is  insoluble  in  distilled  water, 
soluble  in  weak  saline  solutions.     Saturation  with  neutral  satlsji 
sodium  chloride  and  magnesium  sulphate  precipitates  myi 
not  albumin,  from  its  solutions  ;  saturation  with  ammonium 
precipitates  both.     Myosin  is  said  to  be  dissolved  without  change 
very  weak  acids.     Stronger  acids  precipitate  it.     Verify  the  follo' 
reactions  of  myosin,  using  either  a  solution  of  the  muscle-clot,  or 
original  magnesium  sulphate  extract  of  the  muscle. 

{a)   Dropped  into  water,  it  is  precipitated  in  flakes,  which  can 
rcdissolved  by  a  weak  solution  of  a  neutral  salt  (say  5  per  cent 
ncsium  sulphate). 

{d)  When  a  solution  of  myosin  is  dialysed,  it  is  precipitated 
the  inside  of  the  dialyser  as  the  salts  pass  out. 

{c)  If  a  piece  of  rock-salt  is  suspended  in  a  solution,  the  myowi 
gradually  gathers  upon  it,  diffusion  of  the  salt  out  through  the  precipt- 
lated  myosin  always  keeping  a  saturated  layer  around  it. 

{d)  Saturate  a  solution  containing  myosin  with  crystals  of  nu^ 
nesium  sulphate,  stirring  or  shaking  at  frequent  intervals.  The 
myosin  is  precipitated. 

{e)  Without  adding  any  salt,  simply  shake  a  myosin  solution 
vigorously  ;  a  certain  amount  of  the  myosin  will  be  precipitated,  ttui 
the  solution  will  become  turbid.  This  reaction  can  also  be  obtained 
with  scjlutions  of  other  proteids,  such  as  albumin  (Ramsden) 

Extracts  in  all  essentials  similar  to  those  obtained  from  the  nuwdc* 
of  a  freshly-killed  animal  can  be  got  from  muscles  that  have  enteidbJ 
into  rigor.  ^[l 

3 1 .  Baactios  of  Hiude  In  Rest,  Activity,  ajid  Bicor  Mortis- 
(a)  Take  a  frog's  muscle,  cut  it  across,  and  press  a  piece  of  red  litniu^ 
paper  on  the  cut  end ;  it  is  turned  blue.  Yellow  turmeric  paper  u 
not  affected. 

{d)  Immerse  another  muscle  in  normal  saline  solution  at  40'  to 
42'  C.  It  becomes  rigid.  The  reaction  becomes  acid  to  litmus 
paper,  and  also  turns  brown  turmeric  paper  yellow. 

(t)  Plunge  another  muscle  into  boiling  normal  saline  solution  I' 
becomes  even  harder  vWw  w  V.b'^,  \iM\.  \>&  \ea.'cCvQ'&.  \i=«sa\T;-i  xlkalirv  » 
litmus  paper. 
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(J)  Slimulate  another  muscle  with  an  inierrupted  current  from 
an  induction  machine  (Fij;.  56,  p.  149),  till  it  no  longer  contracts, 
'fhc  reaction  is  now  acid  to  litmus  paper.  Brown  turmeric  paper 
Buy  also  be  turned  ycllovv. 

12.  Specific  Gravity  of  Muscle  and  other  Solid  Tissues  (Lazarus- 
BarliAV).  —  Make  solutions  of  gum-arabic  ol  specific  gravities  varying 
I  between  the  limits  necessary  <for  voluntarj*  muscle  of  frog  the  even 
Bombers  between  1040  1056  will  be  sufficient,  for  mui>cles  of  dog 
1054-1073).     Colour  each  alternate  solution  with  a  trace  of  solid 
nwthyiene  blue,  and  keep  the  solutions  in  bottles  fitted  with  entrance 
ind  exit  tubes  after  the  manner  of  an  ordinary  wash-bottle.     The 
euttube  should  be  about   100  mm.  in  length,  and  bent  vertically 
downwards.     The  cork  is  10  be  fixed  with  paraffin  in  the  neck  of  the 
;_boltle,  and  once  fixed,  should  not   be  removed.      If  a  crystal  of 
d1  be  placed  in  the  bottle  before  5xing  the  cork,  the  solution 
[  keep  for  months.     When  an  estimation  is  to  be  made,  a  small 
ratity  of  each  of  the  solutions  is  10  U;  carefully  placed  in  a  wide 
;t-tube  by  blowing  into  the  entrance  tube,  in  order  of  density,  first 
all  solution  sp.  gr.  1072,  then  solution  sp.  gr.  1070,  which  will  be 
a  different  colour,  and  so  on.     In  this  way  a  column  of  solutions 
ill  be  made  consisting  of  bands  of  fluids  of  diderent  colours,  each 
Jour  of  which  corresponds  10  a  different  specific  gravity,  the  fluid 
greatest  s^iecific  gravity  being  at  the  bottom,  and  that  of  lowest 
spe<:»fic  gravity  at  the  top.     Such  a  column,  if  left  undisturbed,  will 
show  the  bandb  sharply  defined  from  one  another  at  the  end  of 
several  hours.     If  now  a  piece  of  muscle  about  1  cm.S(.|uare  be  care- 
fully and  rapidly  removed  from  the  body,  the  fascia  taken  away,  and 
ihe  blood  removed  by  filter-paper,  a  small  portion  can  be  cut  off  and 
gently  dropped  into  the  topmost   layer  of  fluid  ;  it  will  then  sink 
lapidly  through  some  layers  till  gradually,  falling  more  and  more 
slowly,   it  at   last   reaches   the   lower   margin   of  a  band  where  it 
manifestly  is  arrested  in  its  downward  course.     The  specific  gravity 
of  this  band  is  to  be  taken  as  that  of  the  muscle.     Ultimately  the  piece 
of  muscle  will  fall  to  the  bottom  of  the  tube.     Care  must  be  taken  that 
no  air-bubbles  are  entangled  by  the  piece  of  muscle.     Perform  the 
following  experiments : 

(1)  Make  several  estimations,  using  the  sartorius  muscle  and  the 
rectus  abdominis  of  a  dog,  or  the  gastrocnemius  and  one  of  the  thigh 
muscles  of  a  frog.  By  comparative  observations  of  this  sort  it  is  easy 
to  show  that  the  different  muscles  have  different  specific  gravities. 

(a)  Show  that  under  normal  circumstances  the  specific  gravity  of 
corre^xtnding  muscles  on  the  two  sides  of  the  body  is  the  same. 

(3)  Put  a  dog  under  morphia  (p.  150),  etherise,  and  fasten  on  a 
bolder.  Determine  the  specific  gravity  of  a  small  portion  of  a  muscle, 
and  of  a  drop  of  blood  taken  from  the  animal,  say  from  the  jugular 
Tcin  (Roy's  method,  p.  44).  Then  insert  a  cannula  into  that  vein 
(P*  '5').  *nd  slowly  inject  normal  saline  at  a  temperature  of  40'  C. 
10  the  amount  of  one-twentieth  of  the  weight  of  ihe  awVtriaX  t^^oo  ec. 
for  a  do^  of  medium  size).  In  five  minutes  lake  ano\\\ex  «.yt6vt\tT\  o^ 
b/ood  from  the  jugular  on  the  opposite  side,  and  aj^avu  e%\ATCva.vt  Vv» 
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specific  gravity.  In  an  hour  determine  the  specific  gravity  of  t 
portion  of  the  same  muscle  on  which  the  previous  obsen-aiion  mi 
made,  or  of  the  corresponding  muscle  on  the  opposite  side.  Make 
also  another  measurement  of  the  specific  gravity  of  the  blood  If 
there  is  time,  similar  determinations  may  be  made  at  the  end  of  die 
second  hour.     Report  your  results  to  the  demonstmtor. 

(4)  Make  two  muscle-nerve  preparations  from  the  same  frog; 
carefully  dry  with  filter-paper,  and  place  in  a  dish  of  olr 
Stimulate  one  nerve  with  the  interrupted  current  until  the  muscle 
longer  responds.  Remove  both  preparations  at  the  same  moi 
from  the  oil,  and  place  in  a  dish  of  normal  saline  for  ten  minutes 
Now  estimate  their  specific  gra\'ity,  taking  care  to  use  corresponding 
portions  of  each  muscle.  The  stimulated  muscle  will  be  found  (i 
lower  specific  gravity  than  its  fellow. 

33.  Effect  of  Suprarenal  Extract  on  Mnscnlajr  OontrsctioiL— (r) 
On  sktletal  muscle. — Proceed  as  in  14,  hut  instead  of  veratna  wiyai 
a  watery  solution  of  the  suprarenal  capsules  (calf,  sheep,  dog,  etc) 
The  curve  of  the  gastrocnemius  acted  upon  by  the  extract  is  pn^ 
longed  as  in  veratria  poisoning,  although  not  to  such  a  great  extent 

{%)  On  the  imttoth  rttusc/e  of  tkt  hhHuhtsstis. — Make  the  arraap' 
ments  for  a  blood -pressure  tracing  from  a  dog  as  in  15.  p.  154.  PDt 
a  cannula  in  the  carotid  and  another  m  the  femoral  veinoroneof 
its  branches  (p.  151).  Expose  both  i-agi  in  the  neck,  and  {OS 
threads  loosely  under  them.  Connect  the  carotid  with  the  tM^^ 
meter  and  take  a  tracing.  Then  inject  slowly  into  the  femotal 
an  amount  of  watery  extract  corresponding  to  about  jth  gram! 
suprarenal.  The  blood-pressure  rises  owing  to  constriction  of  ^ 
arterioles  by  direct  action  of  the  extract  on  their  muscular  tissue.  The 
heart  is  greatly  slowed  owing  to  stimulation  of  the  cardio-inhibitaj 
centre.  Cut  both  vagi  while  a  tracing  is  being  taken ;  the  blofld- 
pressure  rises  still  more  (p.  416). 
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CHAPTER  XI. 

EIECraO-PHYSIOLOGT. 

A  LITTLE  more  than  a  hundred  years  ago  the  foundation  both  of 
electro- physiology  and  of  the  vast  science  of  voltaic  electricity  was 
laid  by  a  chance  observation  of  a  professor  of  anatomy  in  an  Italian 
garden.  Ii  is  indeed  true  that  long  before  this  electrical  fishes  were 
not  only  popularly  known,  but  the  shock  of  the  torpt-do  had  been  to 
a  certain  extent  scientifically  studied,  hut  it  was  with  the  discovery 
of  Galvani  of  bologna  that  the  epoch  of  fruitful  work  in  electro- 
physiology  began.  Engaged  in  e.xperimenls  on  the  effect  of  static 
electricity  in  stimulating  animal  tissut:s,  he  happened  one  day  to 
notice  that  some  frogs"  legs,  suspended  by  copper  hooks  on  an  iron 
railing,  twitched  whenever  the  wind  brought  ihcm  into  contact  with 
one  of  the  Iwirs  (p.  577).  He  concluded  that  electrical  charges  were 
developed  in  the  animal  tissues  themselves,  and  discharged  when  the 
circuit  was  completed.  Volta,  professor  of  physics  at  Padua,  fixing  his 
attention  on  the  fact  that  in  Galvani's  ex|>eriment  the  metallic  part  of 
the  circuit  was  composed  of  /rtw  metals,  maintained  that  the  contact 
of  these  was  the  real  origin  of  the  current,  and  that  the  tissues  served 
merely  as  moist  conductors  to  complete  the  circuit ;  and  he  clinched 
his  argument  by  constructing  the  voltaic  pile,  a  series  of  copper  and 
line  discs,  every  two  pairs  of  which  were  separated  by  a  disc  of 
wet  cloth.  The  pile  yielded  a  continuous  current  of  electricity. 
'  So,'  said  Volta,  *  it  is  clear  that  the  tissue  in  Galvani's  experiment 
only  acts  the  part  of  the  cloth.'  Galvani,  however,  showed  that  wn- 
traction  without  metals  could  be  obtained  by  dropping  the  nerve  of  a 
preparation  on  to  the  muscle  (p.  57S)  ;  and  it  soon  began  to  be  recog- 
nised that  both  Galvani  and  Volta  were  in  part  right,  that  two  brilliant 
discoveries  had  been  made  Instead  of  one ;  in  short,  that  the  tissues 
produce  electricity,  and  that  the  contact  of  different  metals  does  so 
too.  Although  it  is  curious  to  note  how  completely  the  growth  of 
that  science  of  which  Volta^s  discovery  was  the  germ  has  over- 
shadowed the  parent  tree  planted  by  the  hand  of  Galvani,  yet 
animal  electricity  has  been  deeply  studied  by  a  large  number  of 
observers,  and  many  interesting  and  important  fact.*  Vwit  NiftK^ 
brought  to  light. 
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Since  it  is  In  muscle  and  nerve  that  the  phenomena  of 
eleclro-physiolog>'  are  seen  in  their  simplest  CNpression, 
and  have  been  chiefly  studied,  we  shall  develop  the  funds- 
mental  laws  with  reference  to  muscle  and  ner\'e  alone,  ani 
afterwards  apply  them  to  other  excitable  tissues. 

I.  All  points  on  the  surface  of  an  uninjured  resting  mtiscle  are 
approximately  at  the  same  potential.  In  other  words,  if  any 
two  points  are  connected  with  a  galvanometer  by  means  of 
unpolarizable  electrodes,  little  or  no  current  is  indicated. 
(Although  it  is  scarcely  possible  to  isolate  a  muscle  without 
its  showing  some  current,  the  more  carefully  the  isolation 
is  performed  the  feebler  is  the  current;  and  between  two 
points  of  the  inactive,  uninjured  ventricle  of  the  frog  no 
electrical  difference  has  been  found.) 


Fig,  167. —A,  uninjured  ,  B,  injured 
poftioQ  at  oerve  ;  G.  palvanumetcr. 
The  Urge  arrows  »how  dtnrctton  of 
demarcation  curtc-nt  ur  currcat  of  re&l, 
the  smati  arrows  dirvctioii  of  negative 
variation  or  octioa  curnmi. 


FlG.    l6d.— DiAGHAM   t»F  CL'SBHSrs 

ov  Rest  tN  a  RpctLAB  Mltscll. 

OR    MVSCLK  CVLINUEH. 

E,  equate.  The  dotted  lines  join 
potnl!i  Ml  the  same  potenllal,  be(%vtCQ 
whiLh  ibere  is  no  curreoL 


L. 


2.  Any  uninjured  point  on  the  surface  of  a  resting  muscle  or 
nerve  is  at  a  higher  potential  than  any  injured  point ;  so  that  a 
current  will  pass  throuf^h  the  galvanometer  from  uninjured 
to  injured  point,  and  in  the  tissue  from  the  latter  to  the 
former  (current  of  rest  or  demarcation  current).     (Fig.  167.) 

3.  Any  unexcitul  point  on  the  surface  of  a  mttscle  or  nerve  is 
at  a  higher  potential  than  any  excited  point,  and  any  less  excited 
point  is  ata  higher  potential  than  any  more  excited  point. 

The  best  object  for  experiments  on  the  demarcation 
current  is  a  straight-fibred  muscle  like  the  frog's  sartorius. 
If  this  muscle  be  taken,  and  the  ends  cut  off  perpendicularly 
to  the  surface,  a  muscle-prism  is  obtained  (Fig.  168).  The 
strongest  current  is  got  when  one  electrode  is  placed  on 
the  middle  of  either  cross-section  and  the  other  on  the 
'equator,*  that  is,  on  a  line  9assing  round  the  longitudinal 
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surface  midway  between  the  ends.  The  direction  of  this 
current  is  from  the  cross-section  towards  the  equator  in  the 
muscle.  If  the  electrodes  are  placed  on  symmetrical  points 
on  each  side  of  the  equator,  there  is  no  current. 

A  particular  case  of  this  symmetrical,  or '  streamless  '  arrangement 
is  where  the  middle  points  of  the  two  cross-sections  arc  led  off  to 
the  galvanometer ;  here,  if  the  sections  are  sinjilar,  their  potential 
is  the  same,  and  the  needle  remains  at  zero.  Between  two  points 
of  the  longitudinal  surface  at  unequal  distances  from  ihe  etjuator 
there  is  a  current  in  the  galvanometer  from  the  nearer  to  the  more 
distant  point,  the  potential  of  a  longitudinal  point  nearer  a  cross-section 
being  lower  than  that  of  one  more  remote.  Between  two  points  on 
the  same  cross  section  there  is  a  current  if  they  are  not  symmetrically 
placed  with  reference  to  its  centre,  the  direction  in  the  muscle  being 
from  more  central  to  more  peripheral  point. 

The  above  may  be  taken  as  applying  to  nerve  also,  with 
the  proviso  that  less  is  known  as  to  electrical  differences 
between  points  on  the  same  cross-section,  since  ordinary 
cold-blooded  nerves  are  too  small  for  such  experiments. 

Current  of  Action,  or  Negative  Variation. — When  a  muscle 
or  nerve  is  excited,  a  wave  of  diminished  potential  (nega- 
tivity) sweeps  over  it.  Suppose  two  points,  A  and  B 
(Fig.  169),  on  the  longitudinal  surface  of  a  muscle  to  be  con- 
nected with  a  capillary  electrometer  (p.  46^),  the  movements 
of  the  mercury  being  photographed  on  a  travelling  sensitive 
surface.  Let  the  muscle  be  excited  at  the  end,  so  that  the 
wave  of  excitation  will  be  propagated  in  the  direction  of 
the  arrow.  The  wave  will  reach  A  first,  and  while  it  has  not 
yet  reached  B,  A  will  become  negative  to  B.  If  there  is  a 
resting  difference  of  potential  between  A  and  B,  this  will 
be  altered,  the  new  and  transitory  difference  adding  itself 
algebraically  to  the  old.  When  the  wave  reaches  B,  it  may 
already  have  passed  over  A  altogether,  and  B  now  becoming 
negative  to  A,  there  will  be  a  movement  of  the  meniscus  of 
the  electrometer  in  the  opposite  direction.  This  is  called 
the  diphasic  current  of  action.  If  the  wave  has  not  passed 
over  A  before  it  reaches  B,  as  would  in  general  be  the  case 
in  an  actual  experiment,  there  will  be  lirst  a  period  during 
which  A  is  more  negative  than  B  (first  phase) ;  this  will  end 
as  soon  as  B  has  become  equally  negative  with  A,  and  will 
be  succeeded  by  a  period  during  which  B  \s  rcvoxe.  tir^nan^ 
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than  A  (second  phase).  Since  the  wave  takes  time  to  reach 
its  maximum,  it  is  evident  that  a  well-marked  first  phase 
will  be  favoured  when  the  interval  between  its  arrival  at 
A  and  B  is  long,  for  in  this  case  A  will  have  a  chance  of 
becoming  strongly  negative  while  B  is  still  normal.  Simi- 
larly, if  A  has  again  become  normal,  or  nearly  normal, 
before  the  maximum  negativity  has  passed  over  B.  a  strong 


Fig.  169.— Diagram  to  Illustrate  I'roi'agation  ov  the  NixjATIVK 

CHANUt   ALONG   AN  ACTIVE   ML'SCLE  CIK   NtKVL 

SuppoM  A  B  to  be  a  horiiontal  bar  rf^prespnUn;  the  muscle  or  nerve.  Let  C  be  « 
curved  piece  of  wood  reppesenting  the  curve  of  the  electrical  change  at  any  poiDL 
Let  W  W'  be  two  glass  cyliadera  connected  by  a.  tt\ih\c  tube,  ihe  whole  being 
6lled  wiih  w.^ter.  Suppose  the  rimt  of  the  cylmdere  originally  to  touch  A  Bat  tlie 
points  A  and  B.  and  Id  iheni  be  movable  only  in  the  vertical  difection.  The  level  ol 
the  waiet  tjelng  ihc  same  in  botli.  there  il  no  tendency  for  it  10  flow  from  one  to  the 
other.  This  rcpre^en'.s  the  resitng  state  of  the  tissue  when  A  and  B  are  symnu-lrical 
points.  Now  let  C  be  moved  along  the  bar  at  a  uniform  rate.  The  cylinder  W.  being 
free  to  move  down,  but  not  iionxonially,  will  be  displaced  by  C,  and.  if  it  ta  kepi 
always  m  contact  with  iu  curved  margin,  will,  after  describinc  the  curve  of  the 
eleciricil  variation,  come  again  to  rest  in  its  old  posttion  at  .K.  B  will  do  the  same 
when  C  reaches  it.  But  siocc  C  reaches  A  before  B,  the  level  of  the  water  In  B  will 
at  first  be  btgber  than  that  in  A.  and  water  will  flow  from  B  to  X.  This  will  corre- 
spond to  the  lime  dunng  which  ihc  point  of  the  tissue  represented  by  A  would  be 
negative  to  a  point  reprtrsenled  by  B.  Ldter  on.  when  C  has  reached  the  positjoa 
shown  by  the  dotted  lines.  th«  level  of  the  water  in  A  will  be  higher  than  that  in  B. 
and  a  flow  will  take  place  in  the  opposite  direction  to  the  first  flow.  Tliu  correspocKls 
to  a  second  pha^;  of  the  negative  variatiou. 

second  phase  will  be  favoured.  The  heart-musclei  accord- 
ingly, where  the  wave  of  contraction,  and  its  accompanying 
electrical  change,  move  with  comparative  slowness,  is  better 
suited  for  showing  a  well-marked  diphasic  variation  than 
skeletal  muscle,  and  still  better  suited  than  ner^'e.  In  the 
gastrocnemius  muscle  of  the  frog,  when  excited  through  its 
nerve,  the  electrical  response  begins  about  j^Vir  second,  and 
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the  change  of  form  of  the  muscle  about  xinnr  second  after 
the  stimulation.  The  apex  of  the  curve,  or  change  of  sign, 
corresponds  to  y^^  second  after  excitation.  It  is  believed 
that  in  a  muscle  directly  excited  the  electrical  change  begins 
in  less  than  rnVtr  second,  and  the  mechanical  change  in 
X7,*inr  second  {Burdon  Sanderson).     (Figs,  171-173.) 

When  one  electrode  is  placed  on  an  injured  part,  the 
wave  of  action  and  of  electrical  change  diminishes  as  it 
reaches  the  injured  tissue ;  and  if  the  tissue  is  killed  at  this 
part,  it  diminishes  to  zero ;  so  that  here  the  second  phase 
may  be  greatly  weakened  or  may  disappear  altogether. 

In  this  case  the  current  of  action  can  be  demonstrated, 
even  for  a  single  excitation^  but  still  better  for  a  tetanus, 
with  the  galvanometer,  which  in  general  is  not  quick  enough 
to  analyze  a  diphasic  variation  with  equal  phases,  and  gives, 
therefore,  only  their  algebraic  sum — ^that  is,  zero.  When 
the  muscle  or  nerve  is  tetanized,  the  negative  variation 
appears,  while  stimulation  is  kept  up,  as  a  permanent 
deflection  representing  the  'sum '  of  the  separate  effects. 

When  the  current  of  rest  is  compensated  by  a  branch  of  an 
external  current  just  sufficient  to  balance  it  and  bring  the  galva- 
nometer image  back  to  zero,  the  action  current  appears  alone  in 
undiminished  strength.  This  shows  that  the  latter  is  not  due  to  a 
change  of  electricat  resistance  during  excitation,  since  such  a  change 
would  equally  affect  current  of  rest  and  compensating  current,  and 
they  would  still  balance  each  other.  The  action  current  is  really  due 
to  a  change  of  potential,  which  can  be  measured  by  determining 
what  electromotive  force  is  just  required  to  balance  it,  and  which  may 
actually  exceed  that  of  the  current  of  rest.  Thus,  Sanderson  and 
Gotrh  found  an  average  of  o'o8  of  a  Daniell  cell  (the  electromotive 
force  of  the  Daniell  would  be  about  a  volt)  as  the  electromotive  force 
of  the  action  current  due  to  a  single  indirect  excitation  of  a  vigorous 
frog's  gastrocnemius,  and  about  004  Daniell  as  that  of  the  current  of 
rest.  The  electromotive  force  of  the  current  of  rest  in  rabbit's  nerve 
was  found  by  du  Bois-Reymond  t<j  be  0*026  ;  Gotch  and  Horsley 
found  the  average  for  the  cat  001,  and  for  the  monkey  only  0005. 

Before  Burdon  Sanderson  introduced  the  capillary 
electrometer  for  the  study  of  the  electrical  phenomena  of 
living  tissues,  and  Burch  perfected  a  method  for  the 
measurement  of  the  cur\'es,  the  differential  rheoiovte,  originally 
constructed  by  Bernstein,  was  the  most  valuable  instrument 
we  possessed  for  experiments  on  the  timc-relaUoti«i  <i\.  xfe-tva. 
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phenomena.  By  its  aid,  for  instance,  it  was  sbou-n  that 
the  rate  of  propagation  of  the  electrical  change  in  muscle*  is 
the  same  as  that  of  the  mechanical  change,  and  in  nerve  the 
same  as  that  of  the  nervous  impulse. 

The  differential  rheotome  consists  essentially  of  a  stationary  metftl 
ling,  the  whole  or  part  of  which  is  graduated,  and  of  a  portion  which 
can  be  made  to  revolve  at  a  known  rate.  The  latter  carries  two 
contacts  :  tf,  an  obliquely-placed  platinum  wire  which  touches  at  every 
revolution  a  horizontal  wire  /'  on  the  fixed  ring,  thus  making  and 
breaking  the  primary  circuit  P  of  an  induction  machine,  and  so 
causing  stimulation  of  a  muscle  or  nerve  M  connected  with  the 
secondary  S  :   and,  f,  a  double  contact,  either  in  the  form  of  two 


Fig.    170— DlAURAM  OF  Dlt'P£KLNTIAL  RHEOTOUE. 

platinum  wires,  which  dip  into  two  mercury  troughs,  or  of  two  wire 
brushes  rubbing  on  copper  blocks  d^  at  a  certain  part  of  the  revolu- 
tion. The  troughs  or  blocks  are  connected  with  a  circuit  containing 
a  galvanometer  G,  and  a  portion  of  the  muscle  or  nerve  arranged  so 
as  to  give  a  strong  action  current.  This  circuit  is  completed  by  the 
wires  or  brushes,  which  are  in  metallic  contact  with  each  other  : 
and  the  relative  position  of  the  fixed  contact  in  the  primar)-  circuit 
and  of  the  troughs  or  copper  blocks  can  be  altered  so  as  10  alter 
at  will  the  interval  between  stimulation  and  closure  of  the  galvano- 
meter  circuit.  The  proportion  of  the  whole  revolution  during  which 
this  circuit  is  closed  can  be  varied  by  changing  the  relative  position 
of  the  two  copper  blocks.  Suppose  the  tissue  is  stimulated  at  one 
end  while  the  leading-off  electrodes  are  at  the  other.  When  the 
contact  a,  /,  is  made  at  the  same  time  as  c,  ^/,  no  deflection  will  be 
shown  by  the  galvanometer  if  the  rheotome  is  revolving  rapidly  (the 
demarcation   current   being   accurately   compensated),  because   the 
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Lcrrcuu  will  be  opened  before  the  negative  change  has  time  to  travel 
I  to  ibc  Icading-ofT  electrodes.  But  as  the  distance  between  h  and  d  is 
edt  a  small  deflection  will  appear,  which,  with  further  increase 
f  Ibe  distance,  will  become  larger,  reach  a  maximum,  and  then  begin 
loff  again.  The  first  small  deflection  corresponds  to  the  position 
deb  the  negative  change  has  just  had  time  to  reach  the  leading- 
electrodes  before  the  galvanometer  circuit  is  opened.  The 
limum  defleciion  corresponds  to  a  period  a  little  later  than  this, 
3U5e  the  electrical  variation  does  not  at  once  reach  its  maximum 
( any  point. 

In  human  muscles  the  current  of  action  has  been  demonstrated  by 
nnecting  a  galvanometer  with  ring  electrodes  passing  round  the 
ara:i.  and  throwing  the  muscles  into  contraction.  A  diphasic 
ihttion  is  thus  obtained;  and  the  electrical  change  travels  with  a 
city  of  as  much  as  12  metres  per  second,  which  is  greater  than 
:  velocity  in  frogs'  muscles. 

As  to  the  interpretation  of  the  facts  we  have  beeti  de- 
ribing,  and  which  are  summed  up  in  the  three  propositions 
1  p.  556,  two  chief  doctrines  have  divided  the  physiological 
arid:  (i)  the  theory  of  du  Bois-Reymond,  the  pioneer  of 
:tro-physiology,  and  (2)  the  theory  of  Hermann.  It  is 
ieved  by  du  Bois-Reymond  that  the  current  of  rest  seen 
injured  tissties  is  of  deep  physiological  import,  and  that 
ae  electrical  difference  which  gives  rise  to  it  is  not  de- 
Teloped  by  the  lesion  as  such,  but  only  unmasked  when  the 
electrical  balance  is  upset  by  injury.  He  looks  upon  the 
muscle  or  nerve  as  built  up  of  electromotive  particles,  with 
definite  positive  and  negative  surfaces  arranged  in  a  regular 
manner  in  a  sort  of  ground-substance  which  is  electrically 
indifferent.  The  '  negative  variation  '  he  supposes  to  depend 
on  an  actual  diminution  of  previously-existing  electromotive 
forces ;  and  from  this  conception  arose  its  historic  name. 
This  theory  has  been  highly  elaborated  and  extended  to 
include  new  facts  as  they  have  arisen,  and  it  explains  certain 
phenomena,  such  as  the  currents  of  a  prism  of  muscle, 
better  than  the  simpler  theory  associated  with  the  name 
of  Hermann.  The  latter  observer  and  his  school  assume 
that  the  uninjured  muscle  or  nerve  is  *  streamless,'  not 
because  equal  and  opposite  electromotive  forces  exactly 
balance  each  other  in  the  substance  of  the  tissue,  but 
because  electromotive  forces  are  absent  until  they  are  called 
into  existence  at  tbe  boundary,  or  plane  ot  d^ffiMcaXXo^, 
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between  sound  and  injured  tissue.     For  this  reason  in  tfc 
tenninology  of  Hermann  du  Bois-Reymond*s  current  of  re 

is    called    the    *  demarcatic 
current- 

The  experiments  of  Burd 
Sanderson,  who  photograph 
the  excursions  of  the  capllla 
electrometer  on  a  s 
plate  carried  by  a  rapidly-oic 
,..,g  iog  pendulum,   have   gone 

Electrical  «ipon«  lo  tingle  rou-  to  revive  under  new  and  sli 

mentary    exciwiions    of    an    Injured  •  ncn^rtt;       thp      nM 

gMtroCTemiua  1^  il»  nerve,  «s  projected  '"8      aspeclS        IDC       OtQ 

on  a  ptate  moving  at  B  comparatively  existence'    theorv    of    du    Bi 
slow  laie.  thowing  a  contour  like  that  «  ■   i 

of  a  spike  In  opiicat  sectkio.    The   Revmond.   which    some  ph 

'  spike  ■  I*  followed  by  a  *  bump/  •  and       ,       .  ^  ^      ,  

i(  the  formcrbc  taken  to  mean  a  Hidden  ologists  seem  to  have  rcgan 

electrical  swine  of  such  a  character  as  __  ___,_:i,....  j     :f  _„»  --«.». Iir.i 

to  indicate  that  the  proximal  electrode  ^S  monbuud,  if  not  actUaUy  ( 

beooroes   lint   i>egntlve.   then  positive,  funct.    For  SandcfSOn  haS  shoW 
the    latter    mu«t    indicate    that    It    » 

followed  by  a  change  in  the  same  dfrec-  that  in  addition  tO  the  negitlK 
lion,   but   of  slower   progress  ....  ,        .       .  ,  „ 

This    slower    change     not    only    cul-  WaVC    (CXCltatlOn  wave  Ot   DCTI' 

minatrs,  but  tivgitis  later,  an^  is  ttv-rc-  ,^^-    \      ...u;^k     :«     ^^^     ..«    U.   • 

for«  called   ihe  -after^frect.'      The  Stem)     whlch     IS     Set     Up    by  I 

upper  curves  show  the  eioirsion  of  the  momentary  stimulus,  and  flfflS 

mrniscus  of  the  eiectroroeter.  the  lower  __  -'  '        _ 

the  vibrations  of  a  tuning-fork  (Burdon    rapidlv  alontT  the  muscle  in  both 

Sandereon).  .•  -  , 

directions,  there    occurs  in  la* 

jured  muscle  a  more  slowly-developed  and  more  persistent 

change  of  potential  in  the  same  direction  as  the  first  phase  of 


Fni.   172. 

The  'spike'  and  'hump'  of  a  gastrocnemius  muscle,  whose  lower  end  tud  t<n 
injured  t»r  dipping  it  into  water  jiisi  sufficientty  warmed  to  produce  rigor.  The  mcoRl 
was  taken  on  a  pUie  moving  ten  limes  fnsier  ihnn  that  with  which  Kig.  171  vas  oblitMil 
Tlie  lowest  curve  shows  the  movements  of  (he  meniscus,  the  one  above,  the  vlbmiOM 
of  the  lunmg-fork  marking  time  (Burdon  Sandenoe). 

the  excitation  wave,  vAvc-cv  \\\«i.  -tomskX^  \%  t^wcvXftA.  •^oswss^^ 
nerve  either  conVmvioMs\^  <i^  '^  ^e^m.Sx.^  «Cn^>^vc«. 
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^I?Ss  degree,  by  a  single   momentary  stimulus.     The 

'•amount  of  this  more  permanent  difference  of  potential  is 

Toaghly  proportional    to    the   intensity  of   the    injury   as 

neasared  by  the  previously-existing  difference  of  potential 


Fiu.  ■7^.— *Si*iKB'  or  Unin-juseo  Gastkocneuius  (Busdok  Sandekson-). 
A  phologmphed  on  slow,  B  on  fast-moving  pUie. 

l»etween  the  two  electrodes,  and,  according  to  Sanderson, 
it  represents  a  true  negative  variation  indu  Bois-Reymond's 
sense — that  is,  a  diminution  of  the  electrical  difference  to 
■which  the  current  of  rest  is  due.     In  an  uninjured  muscle 


*^ 


FlC    174. — CCKVK  OF   AN    INJURED   MuSCLE    EXCITED  SIXTY  TIMES   A   SECOND. 

*  Sbowf  the  characteristic  curve  oi  ibe  u^ati^e  variation  of  du  Bois-Rcymond.  The 
gwetfama  difference  of  potential  evcccded  0*03  voh.  At  the  end  of  ihe  period  of  eicita- 
tkxi  ibe  diminution  amounted  to  0*054  voir.  Each  excitation  N«aJ  followed  by  an  after- 
^fcctin  the  same  direction,  the  character  of  which  Is  best  seei:  nfier  the  tenth  exdiatioa* 
^Biiidoa  Sandenon). 

only  the  passage  of  the  transient  excitation  wave  is  indi- 
cated by  the  electrometer.     But  there  is  reason  to  believe 
that  even  in  intact  muscles  excitation,  both  momei\\^vy  ^xv^ 
recurrent,  as  in  experimenUl  tetanus,  causes  e\ecUOTC\Q<v4«i 
^jTects  that  outlast  the  eAcitation  wave,  allhougVi,  s\Xice  ^>^«i 
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muscle  is  everywhere  equally  affected,  these  do  not  influence 
the  electrometer.  Injured  parts  of  a  muscle,  on  the  other 
hand,  are  less  capable  of  responding  to  these  changes  than 
the  intact  tissue,  so  that  they  become  less  negative  towards 
the  uninjured  tissue  than  they  were  before  excitation,  and 
the  demarcation  current  is  thus  diminished. 

Ahhough  the  electromotive  changes  caused  by  excitation 

are  much  more  transient 
than  those  caused  hy 
injury,  everything  sug- 
gests that  there  must  be 
some  deep  analogj'  be- 
tween the  two  condi- 
tions. But  we  cannot 
say  definitely  how  far 
Fig-  175-  whatever    chemical    or 

'  The  noniul  response  lo  a  series  or  excilalirms  physical  changeS  UndeT- 
Acinrlogwith  a  frequency  of  84  per  second  in  a  ij  |L  elertriral  nhpnn. 
whoHy  uninjured  muscle,  in  which  there  was  no  pre-  "*^  *"*^  eiccirit-u  pneno- 
vious  difference  of  potential  between  the  middle  and 
(erminal  contacts.  E^ch  excitation  produces  n 
spike  which  is  the  expression  of  the  ptissage  of  a 
wave  of  excitation  of  which  the  direction  is  attcr- 
minal  \i.i.,  towards  the  end?].  The  first  phase 
expresses  a  change  in  the  dirwjOQn  of  propagation, 
the  second  oppo&ed  to  iL     Dui  after  the  wave  has 


passed,  the  coniacis  are  ef]uipotenlial,  as  tbeywere 
before '  (Eiurdon  Sanderson). 


mcna  are  alike  in  in- 
jured or  dying,  and  in 
active  muscle  or  ner\'e. 
Some  writers  seem  to 
suppose  that  an  in- 
crease of  chemical  ac- 
tivity must  necessarily  be  at  the  bottom  of  both  changes ; 
in  the  dying  muscle,  it  is  said,  the  chemical  changes  must  be 
increased,  and  we  know  that  they  are  increased  in  the  living 
active  muscle.  This  may  be  so,  but  the  electrical  changes 
are  very  marked  in  injured  and  in  active  nerve,  and  here 
we  know  nothing  of  measurable  chemical  changes.  And 
warmed  living  muscle  is  positive  to  muscle  less  warm, 
although  the  metabolism  must  in  general  be  more  active 
in  the  former.  It  is,  of  course,  quite  clear  that  energy  must 
be  running  down,  for  electrical  currents  capable  of  doing 
work  are  being  produced;  but  whether  this  energ)'  comes 
from  chemical  changes  or  from  physical  changes,  or  from 
both,  or  how  much  of  it  comes  from  either,  we  cannot  tell. 

Others  have  said  that  there  is  really  a  subdued  kind  of 
more  or  less  permanent  excitation  in  the  neighbourhood 
of  the  injured  tissue,  a.\ni  \\vaX  \.\tts  e.-!^.^\&&  ■Osvt  %vax\\a.titv 
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of  electrical  condition  in  activity  and  injury.  This  pushes 
the  inquiry  a  step  further  hack,  but  does  not  touch  the 
question  of  the  nature  of  the  changes  underlying  both  action 
and  injury.  Physical  explanations  of  the  action  current  of 
muscle  have  been  based  on  the  hypothesis  that  in  contraction 
variations  in  surface-tension,  with  accompanying  electrical 
changes^  occur  at  certain  surfaces  (surface  of  separation 
between  light  and  dim  discs,  or  between  fluid  contents 
and  wall  of  sarcous  capillary  tubes).  A  great  and  decisive 
objection  to  these  theories  is  that  in  nerve,  so  far  as  we 
know,  no  sensible  mechanical  change  whatever  takes  place 
during  excitation,  and  that  differences  of  potential  exist  or 
may  be  developed  in  tissues  of  the  most  diverse  structure. 

Polarization  of  Muaole  and  Nerve.*— Wc  have  already  spoken 
of  electrical  excitation  and  of  the  changes  of  excitability 
caused  by  the  passage  of  a  constant  current  (p.  523).  We 
are  now  to  see  that  these  physiological  effects  are  accom- 
panied by,  and  indeed  very  closely  related  to,  more  physical 
changes  which  the  galvanometer  or  electrometer  reveals  to 
us.  When  a  current  is  passed  by  means  of  unpolarizablc 
electrodes  (Fig.  132,  p.  471)  through  a  muscle  or  nerve  for 
several  seconds,  and  the  tissue  thrown  on  to  the  galvano- 
meter immediately  after  this  polarizing  current  is  opened,  a 
deflection  is  seen  indicating  a  current  (negative  polarization 
current)  in  the  opposite  direction. 

This  negative  polarizatioa  differs  from  the  polarization  of  the 
electrodes  seen  after  passage  of  a  current  through  any  ordinary  elec- 
trolytic conductor,  like  dilute  sulphuric  acid.  The  latter  is  due  to  the 
deposition  of  hydrogen  on  the  kathode  and  oxygen  on  the  anode, 
the  electrodes  being  convened  for  the  time  into  the  plates  of  a 
secondary  battery.  But  in  muscle,  nerve  and  other  animal  tissues, 
as  well  as  in  vegetable  structures,  and  indeed,  to  a  certain  extent,  in 
unorganised  jwrous  l>odies  soaked  with  electrolytes,  the  polarization 
is  not  confined  to  the  neighbourhood  of  the  electrodes,  but  distributed 
all  the  way  between  them ;  in  other  words,  it  is  an  internal  polariza- 
tion depending  on  the  separation  of  ions  in  the  mass  of  the  tissue.  In 
muscle  and  nerve  this  internal  negative  polarization  is  very  strongly 
marked  ;  and  although  it  is  not  bound  up  with  the  life  of  the  tissue, 
and  may  be  obtained  when  this  has  become  quite  inexcitable,  it  is 
nevertheless  dependent  on  the  prcscr\'ation  of  the  normal  structure, 
for  a  boiled  muscle  shows  but  little  negative  polarization. 

*  The  portions  in  small  type  on  pp.  563-570  ma^  \ic  omvXVc,^  ctxK^Ns^ 
students  interested  in  the  subject  or  reading  (or  a  &pec\a\  v^tv^sra- 
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When  the  polarizing  current  is  strong,  and  its  time  of 
closure  short,  we  obtain,  on  connecting  the  tissue  with  the 
galvanometer  after  opening  the  current,  not  a  negative  bot 
a  positive  deflection,  indicating  a  so-called  fositive  polarization 
current  in  the  same  direction  as  that  of  the  polarizing  stream. 
The  '  positive  polarization  '  is  only  obtained  when  the  tissue 
is  living;  and  it  is  far  more  strongly  marked  in  the  anodic 
than  in  the  kathodic  region.  There  is,  in  fact,  a  great 
weight  of  evidence  that  the  *  positive  polarization '  current 
is  really  an  action  stream,  due  to  the  opening  excitation  set 
up  at  the  anode  (p.  525). 

Suppose  tliat  the  nerve  in  Fig.  1761* 
stimulated  by  the  opening  of  the  battery 
h,  and  (hat,  immediately  after,  the 
nerve  is  connected  with  the  galvano- 
meter G  by  the  eleclrodes  E,  Ej.  Sop- 
pose,  further,  that  the  shaded  region 
near  the  anode  remains  more  excited 
for  a  short  time  than  the  rest  of  the 
nerve,  and  we  have  seen  (p.  524)  that 
after  the  opening  of  a  strong  current 
there  is  a  defect  of  conductivity,  espe- 
cially in  the  neighbourhood  of  the 
anode,  which  would  tend  to  localiie 
excitation.  The  portion  of  nerve  at  E 
being  negative  relatively  to  that  ai  K|, 
an  action  current  will  pass  through 
the  galvanometer  from  E,  10  E,  and 
through  the  nerve  in  the  same  direc- 
tion as  the  original  stimulating  stream  ; 
that  is,  it  will  have  the  direction  of  the 
positive  polarization  current. 

Under  certain  conditions  a  state  of  continuous  excitation 
in  the  anodic  region  of  a  nerve  is  shown  by  a  tetanus  of  its 
muscle  {Ritter*s  Utanus,  p.  583,  and  Fig.  177), 

Grtitzner  and  Tigerstedt  have  put  forward  a  different 
theory  of  the  break  contraction.  They  say  it  is  really  a 
closing  contraction  due  to  the  closure  of  the  negative  polari- 
zation current  through  the  tissue  itself,  as  soon  as  the 
polarizing  current  is  opened.  In  fact,  they  admit  only  one 
kind  of  electrical  stimulus,  the  kathodic»  or  make.  But  this 
theory  does  not  adequately  take  account  of  positive  polari- 
zation, and  there  are  also  other  objections  to  it. 


Kiu.  176. —  Diagram  to  show 
DisTRiuuTioN  OP  ■  Positive 
Polarization'  aftek  open- 
ing POLAKIZINC  CCKBEST. 

B,  baiiery ;  ii,  galvanomrler. 
The  dark  shading  signifies  thai  the 
cxcitdtlon  (o  whidi  ttic  poaiiive 
potarisaiicn  current  is  due  is 
grcfttc&t  in  the  hnmfidlate  neigh- 
bourhood of  the  anode,  wnd  fadn 
aw  ay  in  the  iDtnipol;ir  region. 
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Eleotrotonic  Carrexits. — During  the  flow  of  the  polarizing 
current,  there  are  very  remarkable  galvanoscopic  evidences 

of  the  changes  pro- 
duced by  it.  And 
although  it  is  not 
possible  directly  to 
demonstrate  polariz- 
ation in  the  region 
between  the  elec- 
trodes while  the  cur- 
rent continues  to 
pass,  this  is  easily 
done  in  the  extrapo- 
lar  regions,  although 
much  more  readily 
on  nerve  than  on 
muscle, 

If  a  current  be 
passed  from  the 
battery  (Fig.  178)  in 
the  direction  indi- 
cated by  the  arrows, 
while  a  galvano- 
meter is  connected  with  either  of  the  extrapolar  areas,  as 
shown  in  the  figure,  a  current  will  pass  through  the 
galvanometer,  in]  the  same  direction  in  the  nerve  as  the 
polarizing  current,  so  long  as  the  latter  continues  to  flow. 


A  strong  voltaic  current  was 
passed  for  some  tine  through  the 
nerve  of  a  mu5cle-nen'e  prejmra- 
iion.  On  oixrninu  Ihc  circuil. 
I  he  muscle  gave  one  strong  con- 
tmciion,  and  then  entered  into 
iT^guUr  tetanus, which  continued 
(f>r  lour  minutrs.     (Only  the  first 


pi  ft    of    the 
duccd.) 


tmciot;    Is    repru- 


■^ 

*> 

1  -i           ^■*-  £  ' 

•7       - 

t;       w      --      V      ^    —  ^ 

FlO»    178.  — UlAGKAM  SllUWl.VG    UlKECTION   OF    THE   EXTlLU'OLAJt    iiLCCTSOTOMIC 

CURJtENTS. 

These  currents  are  called  ekftrotonic,  and  seem  10  depend  on  the 
spread  of  the  polarizing  stream  along  the  nerve  outside  the  electrodt^s, 
owing  to  a  polarizatiun  taking  place  at  the  boundary  between  some 
part  of  the  nerve  fibre  which  may  be  called  a  iore^  and  anodier  part 
which  may  \y^  called  a  shsath.  'ITie  exact  seat  of  this  polarization  is 
unknown  ;  it  may  be  between  axis-cylinder  and  medullary  sheath,  or 
between  the  latter  and  the  neurilemma.     In  liTV^  ca&c^  sviOpi  "Sl  \js5\a.Yv- 
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zation  would  practically  act  as  a  resistance  to  the  direct 
the  current  from  the  anode  down  into  the  *  core,'  or  from  the  i 
out  to  the  kathode,  and  would  cause  it  to  spread  longitudinally ; 
the  sheath  in  the  extrapolar  regions.  On  this  view  the  electrot 
currents  are  really  twicfs  of  the  polarizing  stream.  And,  as  a  mitter 
of  fact,  such  currents  can  be  produced  on  a  model  in  which  a  pUimun 
wire  is  surrounded  with  a  sheath  of  saturated  zinc  sulphate  solulioa 
A  current  led  into  the  latter  tries,  so  to  speak,  to  pass  mostly  by  the 
good  conducting  wire.  If  this  is  not  polarizable,  if  it  is,  e.g.,  a  nnc 
wire,  there  is  little  or  no  spreading  of  the  current  outside  the  d»- 
trodes ;  it  passes  at  once  into  the  core,  and  so  on  to  the  other 
electrode,  li,  however,  there  is  polarization  when  the  current  ptssei 
from  the  liquid  into  the  wire,  as  is  the  case  when  the  latter  it 
platinum,  the  stream  spreads  longitudinally.  And,  indeed.  *e 
know  that  both  nerve  and  muscle,  and  especially  the  former,  are&r 
more  polarizable  in  the  trans\erse  than  in  the  longitudinal  direc- 
tion ;  the  apparent  transverse  resistance  of  nerve  may  be  sc^d 
times  the  longitudinal  resistance,  and  this  is  a  condition  which  favoQB 
electrotonus. 

This  physical  electrotoaus  must  be  distinguished  from  the 
changes  of  excitability  produced  by  the  constant  current,  to 
which  the  name  of  electrotonus  is  also  sometimes  given. 
For  although  the  decline  in  the  intensity  of  the  electroioaic 
currents  as  we  pass  away  from  the  electrodes,  has  its  aiu- 
logue  in  the  distribution  of  the  electrotonic  changes  of  ei- 
citability,  and  there  are  other  facts  which  suggest  a  relatioD 
between  the  two,  we  are  ignorant  of  the  real  nature  of  this 
relation. 

The  electrotonic  currents  cannot  spread  beyond  a  ligutarc: 
they  arc  stopped  by  anything  which  destroys  the  structure 
of  the  tissue.  But  this  does  not  show  that  they  are  otbff 
than  physical  in  origin,  for  what  destroys  the  structure  of 
the  tissue  destroys  also,  in  great  part  at  least,  its  capacity 
for  polarization. 

Stimulation  of  a  nerve  while  the  polarizing  current  is  fiowii^ 
causes  in  general  in  the  extrapolar  regions  a  negatwe  variation  ^  tit 
electrotonic  current^  but  in  the  intrapolar  region  a  positive  varialioa 
The  latter  is  undoubtedly  an  action  stream.  Hermann  has  explained 
its  direction  on  the  assumption  that  the  excitation  diminishes  ffl 
intensity  as  it  approaches  the  kathode  or  recedes  from  the  anode 
and  increases  in  intensity  as  it  passes  towards  the  anode  or  a»iy 
from  the  kathode  (law  of  polarization  increment).  But  the  fact  tl«l 
during  the  flow  of  a  current  the  conductivity  of  the  nerve  is  to 
more  depressed  around  VW  Va.\\\Q^^  KfesL-c^  vsax  "^em;::.  -axtfa^  afadi jk 
sufficient  explanation. 
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Fic.  179.— Diagram  showing  Directio>j  op 

THE  STtMULATlON    EFFECT    IN    THE    ISTKA- 

PDLAK  Region  during  the  flow  of  thk 
Polarizing  Current. 


The  nerve-impulse,  starting  from  the  stimulating  electrodes  S 
(Fig.  179),  will  pass  over  E,  the  anode,  in  greater  intensity  than  over 
E],  the  kathode  ;  and  therefore,  upon  the  whole,  during  tetanus  E 
will  be  negative  to  Ep  and  a  current  of  action  will  be  developed  in 
the  same  direction  as  the  polarizing  current,  and  reinforcing  it. 
When  the  kaihodic  block  is  complete,  and  the  excitation  has  to  pass 
over  the  kathode  before 
reaching  the  intrapolar 
region,  no  effect  is  pro- 
duced by  stimulation. 

The  stimulation  effects 
in  the  cxtrapolar  regions 
are  probahiy  due  partly  to 
action  currents,  as  is  shown 
by  the  fact  that  when  the 
polarizing  current  is  strong 
enough  to  markedly  de- 
press the  conductivity  in 
the  neighbourhood  of  the  anode,  the  variation  becomes  positive 
instead  of  negative  when  one  of  the  galvanometer  electrodes  lies 
near  the  anode.  For  here  the  excitation  coming  from  S  passes 
Ejin  far  less  intensity  than  Ej  (Fig.  tSo).  Ej,  is  therefore,  on  the 
whole,  during  tetanus  negative  to  E,,  and  the  direction  of  the  action 
current  in  the  nerve  is  from  E^  to  Ej- 

The  negative  variation  in  the  extrapolar  kathodic  region  could 
also  be  explained  as  an  action  current  due  to  diminished  conduc- 
tivity in  the  neighbourhood  of  the  kathode.  But  the  negative  anodic 
variation  cannot  be  an  action  current,  unless  we  supiwse  that  with 
the  weaker  polarizing  currents  the  conductivity  is  increased  around 
the  anode  ;  and  for  this  there  is  not  sufficient  proof.  It  is  prol^able, 
therefore,  that  there  is 
another  factor  mixed  up 
with  the  currents  of  action, 
and  in  part  opposing  them. 
Some  have  supposed  that 
the  capacity  for  polari- 
zation between  core  and 
sheath  is  diminished  during 
excitation,  and  that,  accord- 
ingly, less  of  the  current 
spreads  beyond  the  elec- 
trodes, and  an  apparent 
negative  variation  is  caused  in  the  extrapolar  regions  by  stimulation ; 
but  there  is  no  direct  evidence  for  this. 

After  the  opening  of  the  (jolarizing  current,  electromotive  changes 
can,  as  we  have  seen,  be  recognised  for  a  short  time  in  the  intrapolar 
area.  This  is  also  true  of  both  extrapolar  regions.  The  main 
after-current  in  the  anodic  region  is  in  the  opposite  direction  to  the 
polarizing  stream ;  but  this  is,  under  certain  circumstances,  t)rccedt4 
by  a  very  short  kick  of  the  galvanometer  ma.^^TvtV  \tv  \^c  saxaM  ^\\«.- 


Fjg.  180.— Diagram  to  show  DiRRcrroN  op 

TsiE  Positive  Stimulation  Efcect  in  the 

..ANQinr  Extrapolar  Region  iiuking  the 

FLOW   QF  A  STRONG   POLARIZING  CURRENT. 
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lion.  The  kathodic  after-currenl  is  in  the  same  direction  u  ttc 
polarizing  stream,  and  is,  except  with  strong  currents  and  a  coa)|»ii- 
tively  long  time  of  closure,  much  weaker  than  the  main  anodic 
The  latter  is  to  be  looked  upon  as  having  the  same  origin  as  the 
positive  polarization  current  of  the  intrapolar  region,  a  state  of 
opening  excitation  around  the  anode :  in  other  words,  it  is  an  actios 
current  The  kathodic  and  the  preliminary  anodic  after  currents  are 
probably  due  to  negative  polarization. 

Stimulation  of  the  nerve  after  opening  the  polarizing  cunent  caoMS 
well- marked  effects;  in  the  intrapolar  region  the  stimubtion  effect il 
in  the  opposite  direction  to  the  polarizinjij  current ;  in  the  extrapolir 
anodic  area,  in  the  same  direction  as  the  polarizing  stream.  In  the 
extraj>olar  kathodic  region,  it  is  in  the  opposite  direction,  and,  except 
with  strong  polarizing  currents,  and  a  more  than  momentan-  lime  of 
closure,  less  in  amount  than  the  stimulation  effect  in  the  anodic 
region. 

All  these  cases  are  readily  explained  by  the  fact  that  immediately 
after  opening  the  polarizing  current  the  conductivity  of  the  ocntis 

more  deprettcd  ui 
the  anodic  than  is 
thekathodicre^on, 
although  with 
strong  currents  it ij 
depressed  in  botK. 
Anexcitationrcadi- 
ing  the  extiapolir 
anodic  area  froo 
S  will  pass  over  E, 

Fig,  i8i.— l)iAi;«AM  miowjno  thk  Dikectiok  ok  run       .   ^ 

STlMlil.ATIDN    EPFRCTS    AFTER    OptMNG   THE    FoLAN-        tnao    OVef    1 

iziNc    CmitiiSTs    IK    THE   Akudk    AKi>    Kathuuic      i8i).    E.  wijl liK3r 

EXTRAKILAR     REGIONS    (A     AND     K).     AND     IS     THE       f---     L,.    ---,:,;„  .« 
INTBAPOLAB   RECION    E,.    LV  ^^^     °*;    POSIUTt  W 

E^,  and  the  acDOO 
current  wilt  go  through  the  ner\'e  in  the  direction  of  the  airoi. 
An  excitation  reaching  the  kathodic  e.xtrapo!ar  area  from  S"  «3I 
arrive  at  £^  in  greater  intensity  than  at  £^.  The  resultant  actkn 
stream  will  therefore  have  the  direction  in  the  nerve  from  £^  to  E^ 
And  the  effects  in  the  intrapolar  region  can  be  similarly  CJiplained- 

A  nerve  may  be  stimulated  by  an  electrolonic  current 
produced  in  nerve-fibres  lying  in  contact  with  it.  A  well- 
known  illustration  of  this  is  the  experiment  known  as  the 
paradoxical  cofttractioti  (Practical  Exercises,  p.  581). 

The  current  of  action  of  a  nerve  can,  however,  under 
certain  conditions,  stimulate  another  nerve,  as  Hering  \as 
shown.  This  comes  under  the  head  of  ■econdary  oontnctioi. 
But  the  besl-knoNwn  ^oiw\  o^  s^cQixdar^  contraction  is  where 
a  nerve,  placed  on  a  \t\usc\ft  so  ^&  \a  \CT40tt.NN.\^v«^iXf»so^ 
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(Fig.  182),  is  stimulated  by  the  action-current  of  the  muscle, 
and  causes  its  own  muscle  to  contract.  A  secondary  tetanua 
can  be  obtained  in  this  way  by 
dropping  a  ner\'e  on  an  artificially 
tetanized  muscle.  The  beat  of 
the  heart  causes  usually  only  a 
single  secondary  contraction  when 
.ibe  sciatic  nerve  of  a  frog  is 
[owed  to  fall  on  it  (p.  152).  But 
hen   the    diphasic   variation    is 

II  marked,  as  it  is  in  an   un- 
Djured    heart,   there   may   be   a 

ondary   contraction   for    each 
jase,   i.£.,  two  for  each   heart- 

t.     Excitation  of  one  muscle 
the    same    way    cause 


in 


Ym.  182-— Skcundakv  Conthac- 
rioN. 
The  nerve  of  muscle  M  touches 
,  .  .■  c  i.1-  muscle  M' at  a  and  ^.     Stimulation 

;onaar>'  contraction  or  anottier    of  tb<  nerve  of  M'  w  s  causes  con- 
which  it  is  in  close  contact,     »r»^"onofM- 


rith 

The  electromotive  phenomena  of  the  heart  and  of  the 
central  nervous  system  are  naturally  included  under  those 
of  muscle  and  nerve. 

Heart. — The  current  of  action  has  been  chiefly  studied, 
lo  the  frog's  heart  the  variation  shown  by  the  capillary 
electrometer  is  diphasic.  During  the  first  phase  the  base 
is  negative  to  the  apex ;  during  the  second  phase  the  apex  is 
negative  to  the  base.  The  meaning  of  this  is  that  the 
negative  electrical  change,  like  the  contraction,  starts  at  the 
base,  and  passes  on  to  the  apex.  Sometimes  a  third  phase 
is  seen  (triphasic  variation),  in  which  the  base  again 
becomes  negative  to  the  apex.  It  has  been  supposed  that 
this  is  due  to  the  contraction  of  the  arterial  bulb,  which 
follows  that  of  the  rest  of  the  heart.  If  the  tissue  is  injured 
at  either  leading -off  electrode,  the  corresponding  phase 
disappears. 

In  the  uninjured  mammalian  heart,  beating  as  far  as  possible 
under  normal  conditions,  the  sequence  is  the  same,  the  diphasic 
variation  showing  first  base  negative  to  apex,  then  apex  negative  to 
base.  Statements  to  the  contrary  seem  to  have  been  founded  on 
observations  of  injured  hearts^  or  hearts  placed  undet  afenoixfts^ 
conditions.     For  example,  when  the  base  of  the  heart  *\&  coo\t^  v\Nfc 
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variation  first  becomes  triphasic,  the  sequence  of  the  relative  nega- 
tivity being  base — apex— base ;  and  finally  diphasic  with  a  sequence 
the  reverse  of  the  normal,  the  apex  being  first  negative,  then  the  base 
An  electrical  change  accompanies  every  beat  of  the  human  heart. 
Waller  has  shown  how  this  may  be  demonstrated  by  means  of  the 

capillary  electrometer.  His 
experiments  seemed  to  in- 
dicate a  diphasic  variation  in 
which  the  apex  first  became 
negative  to  the  base  and  the 
base  then  negative  to  the 
apex.  From  later  work  by 
Bayliss  and  Starling,  how- 
ever, it  would  seem  that  this 
is  incorrect,  the  \-ariation 
being  really  triphasic,  first 
base  negative  to  apex,  then 
apex  negative  to  base,  and 
then  again  base  negative  to 
apex. 

\A"hen  the  heart  is  directly 
stimulated  by  induction 
shocks  at  the  rate  of  abotit 
three  per  second,  an  artificial 
rhythm  is  set  up.  The 
interval  which  elapses  be- 
tween stimulation  either  of  auricle  or  ventricle  and  the  beginning  of 
the  electrical  change  is  about  yj^  of  a  second 

Central  Kervous  System. — It  was  discovered  by  du  BoJs- 
Reymond  that  the  spinal  cord,  like  a  nerve,  shows  a  current 
of  rest  between  longitudinal  surface  and  cross-section,  and 
that  a  current  of  action  is  caused  by  excitation.  Setschenow 
stated  that  when  the  medulla  oblongata  of  the  frog  was 
connected  with  a  galvanometer,  spontaneous  variations 
occurred  which  he  supposed  due  to  periodic  functional 
changes  in  its  grey  matter.  Gotch  and  Horsley  have 
made  elaborate  experiments  on  the  spinal  cord  of  cats  and 
monkeys.  Leading  off  from  an  isolated  portion  of  the 
dorsal  cord  to  the  capillary  electrometer,  and  then  stimu- 
lating the  motor  cortex  cerebri,  they  obtained  a  persistent 
negative  variation  followed  by  a  series  of  intermittent  varia- 
tions. This  agrees  remarkably  with  the  muscular  contrac- 
tions in  an  epileptiform  convulsion  started  by  a  similar 
excitation  of  the  cortex,  which  consist  of  a  tonic  spasm 
/bllowed  by  clonic  (\nletTupted)  contractions,  and  suggests 


tic.    183. — hLKCTHO-CAJtUIOKkAMS  (ElN- 

hovcn).— Lowei  led  off  in  opposite  way 
from  upper. 
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that  it  is  the  nature  of  the  cortical  discharge  which  deter- 
mines the  character  of  the  convulsion. 

By  means  of  the  galvanometer  the  same  obser\*ers  have 
made  investigations  on  the  paths  by  which  impulses  set  up 
at  different  points  travel  along  the  cord.  To  these  we  shall 
have  to  refer  again  (p.  6ig). 

On  the  currents  of  the  cerebral  cortex  only  a  few  experi- 
ments have  hitherto  been  made  by  Caton,  Beck,  and 
Fleischl.  But  if  well-marked  changes  of  potential  could  be 
localized  on  the  cortex  as  a  result  of  stimulation  of  sensory 
fibres,  the  method  would  probably  be  of  great  value  for 
tracing  these  to  their  central  connections. 

Glandular  Correnta. — These  have  been  studied  with  any 
care  only  in  the  submaxillary  gland  and  in  the  skin,  although 
the  liver,  kidney,  spleen,  and  other  organs,  also  show  currents 
when  injured.  In  the  submaxillary 
gland  the  hilus  is  positive  to  any 
point  on  the  external  surface  of 
the  gland  ;  a  current  passes  from 
hilus  to  surface  through  the  gal- 
vanometer, and  from  surface  to 
hilus  through  the  gland  (Fig.  184). 
When  the  chorda  tympani  is 
stimulated  with  rapidly-succeed- 
ing shocks  of  moderate  strength,  there  is  a  positive  varia- 
tion; t.e.,  the  surface  becomes  still  more  negative  to  the 
hilus.  This  variation  can  be  abolished  by  a  small  dose 
of  atropia,  and  then  stimulation  causes  a  slight  negative 
variation.  A  further  dose  of  atropia  abolishes  this,  too. 
With  slowly-interrupted  shocks  (not  more  than  five  per 
second)  a  large  negative  variation  is  caused,  and  no  positive 
variation,  and  the  same  is  true  of  rapid  stimuli  too  weak  to 
excite  secretion- 
Single  induction  shocks  cause  a  diphasic  variation,  the 
surface  of  the  gland  becoming  first  more  negative  and  then 
more  positive  to  the  hilus,  so  that  a  positive  deflection  of 
the  galvanometer  is  followed  by  a  negative. 

In  nearly  all  circumstances  stimulation  of  the  sympathetic 
causes  a  negative  variation.     Bradford,  to  viVvowi,  ^w^  \» 


Fig.  184.— Ul'kkkm  ok  Sub- 
MAXiiXARV  Gland. 
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Bayliss,  we  are  indebted  for  our  knowledge  of  this  sabject, 
explains  the  different  behaviour  of  the  chorda  tympani  to 
different  kinds  of  stimulation  as  due  to  the  existence  in 
of  anabolic  fibres,  which  increase  the  building  up  of  i 
proper  substance  of  the  gland,  in  addition  to  the  katab 
fibres  (trophic  and  secretory  of  Heidenhatn),  which  incr 
destructive  metabolism  (p.  292). 

Skin  Correnti. — So  far  as  has  been  investigated,  the  i|j 
tegument  of  all  animals  shows  a  permanent  current  pas 
in  the  skin  from  the  external  surface  inwards.  This  ts 
feebler  in  skin  which  possesses  no  glands.  In  skin  contain- 
ing glands  the  current  is  chiefly,  but  not  altogether,  secre* 
tor>'.  As  such,  it  is  affected  by  influences  which  aflect 
secretion,  a  positive  variation  being  caused  by  excitation  of 
secretory*  ner\'es,  ^.^.,  in  the  pad  of  the  cat's  foot  by  stimak- 
tion  of  the  sciatic.  The  deflection  obtained  when  a  finger  of 
each  hand  is  led  off  to  the  galvanometer,  which  was  at  one 
time  looked  upon  as  a  proof  of  the  existence  of  currents  of 
rest  in  intact  muscles,  is  due  to  a  secretion  current,  and  the 
variation  seen  during  voluntary  contraction  of  the  muscles  of 
one  arm  is  certainly  in  part,  and  probably  altogether,  a 
secretion  stream. 

Of  more  doubtful  origin  is  the  current  of  ciliated  bmob 
membrane,  which  has  the  same  direction  as  that  of  the 
skin  of  the  frog  and  the  mucous  membrane  of  the  stomal 
of  the  frog  and  rabbit — viz.,  from  ciliated  to  under  sarto 
through  the  tissue,  or  from  ciliated  surface  to  cross-secdoo. 
if  that  is  the  way  in  which  it  is  led  off.  The  current  0 
strengthened  by  induction  shocks,  by  heating,  and  in 
general  by  influences  which  increase  the  activity  of  the 
cilia.  Some  circumstances  point  to  the  goblet-cells  id  the 
membrane  as  the  source  of  the  current ;  but,  on  the  wbol^ 
the  balance  of  evidence  is  in  favour  of  the  cilia  being  the 
chief  factor  (EngelmannJ,  although  the  mucin-secreting  cells 
may  be  concerned,  too. 

Eye-eurxenta. — If  two  electrodes  connected  with  a  galvano- 
meter are  placed  on  the  excised  eye  of  a  frog  or  rabbit,  one 
on  the  cornea  and  iVve  o\.V\«  qtv  iK^  cut  optic  nerve,  it  is 
found  that  a  cuTtervt  ol  x^-sx  &m^  \.ci  s>:vt  \«\xa>3  v^se^  ^^.s 
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eye  from  optic  nerve  to  cornea-  The  same  is  true  if  the 
anterior  electrode  is  placed  on  the  retina  itself,  the  front  of 
the  eyeball  being  cut  away.  There  is  nothing  of  interest  in 
this;  but  the  important  point  is  that  if  light  be  now  allowed 
to  fall  upon  the  eye,  an  electrical 
change  is  caused  (Holmgren,  Dewar 
and  McKendrick),  generally  first  a 
positive  and  then  a  negative  varia- 
tion, succeeded  by  another  positive 
movement  when  the  light  is  cut  off. 
The  variation  depends  upon  the 
retina  alone,  and  does  not  occur 
when  it  is  removed.  Bleaching 
of  the  visual  purple  does  not 
much  affect  the  variation,  so  that  '^"^  .8s.-E«.c.»..Nr. 
it  is  not  connected  with  chemical  changes  in  this  substance. 
And  of  the  spectral  colours,  yellow  light,  which  affects  the 
visual  purple  comparatively  little,  causes  the  largest  variation; 
blue,  the  least ;  but  white  light  is  more  powerful  than 
either.    (For  'visual  purple*  see  Chapter  XIII.) 

Electric  Pishes. — Except  lightning,  the  shocks  of  these  fishes  were 
probalily  the  first  manifestations  of  electricity  observed  by  man. 
The  Torptdo^  or  electrical  ray,  of  the  coasts  of  Europe  was  known  to 
the  Greeks  and  Romans.  It  is  mentioned  in  the  writings  of  Aris- 
totle and  Pliny,  and  had  the  honour  of  being  described  in  verse  \y%oo 
years  before  Faraday  made  the  first  really  exact  investigation  of  the 
shock  of  the  Gymnotus^  or  electric  eel  of  South  America.  The 
third  of  the  electric  fishes,  Maiaptetitrits  tlutricusy  although  found 
in  many  of  the  African  rivers,  the  Nile  in  particular,  and  known  for 
ages,  was  scarcely  investigated  till  forty  years  ago. 

In  all  these  fishes  there  is  a  special  bilateral  organ  immediately 
under  the  skin,  called  the  electrical  organ.  It  is  in  this  that  the 
shock  is  developed.  It  consists  of  a  series  of  plates  arranged  parallel 
to  each  other.  To  one  side  of  each  plate  a  branch  of  the  electrical 
nerve  supplying  each  lateral  half  of  the  organ  is  distributed.  This 
side  of  the  plate  during  the  shock  becomes  negative  to  the  other 
(Pacini's  rule),  so  that  each  half  of  the  organ  represents  a  battery  of 
many  cells  arranged  in  series.  The  dh*ection  of  the  shock  through 
the  organ  depends  on  the  side  of  the  plate  to  which  the  nerve-supply 
goes,  and  the  arrangement  of  the  plates  with  reference  to  the  natural 
position  of  the  animal. 

Thus,  in  Gymnolus  the  plates  are  vertical,  and  at  right  angles  to 
the  long  axis  of  the  fish,  and  the  nerves  are  distributed  to  their  pos- 
terior surface  ;  the  shock  accordingly  passes  \T\\fet  M\\xfta\  ^xci'«^  X2i\ 
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to  head.  In  Matapterurus,  although  the  arrangernent  of  the  plain  is 
the  same,  the  nen-e  supply  is  to  the  anterior  surface ;  for  Ma 
Schultze  has  shown  that  although  the  nerve  appears  to  sink  into  the 
posterior  surface,  it  really  passes  through  a  hole  in  the  platt,  and 
spreads  out  on  its  anterior  face.  The  shock  passes  from  head  to  diL 
In  Torpedo,  the  plates  or  septa  dividing  the  vertical  hexagoial 
prisms  of  which  each  lateral  half  of  the  organ  consists  are  horizontil', 
the  nerve-supplv  is  to  the  lower  or  ventral  surface  ;  and  the  shock 


KiC.    187.— UIACKAM    SHUHINU   LIIKeCTlUN 

OP  Shock  im  Malafterurus. 


Fig.  i»c>.~LJiagkaii  showing  Direction  or  Sjiock  in  Gtmnotw. 

passes  from  belly  to  back  through  the  organ.  In  all  electric  fisha 
the  discharge  is  interrupted  \  an  active  fish  may  give  as  many  is 
aoo  shocks  per  second. 

The  electrical  nerve  of  Malapterurus  is  very  peculiar.  It  consiss 
of  a  single  gigantic  nerve-fibre  on  each  side,  arising  from  a  pnt 
nen'c-cell.      The  fibre    has  an  enormously  thick   sheath,   ihc  an* 

cylinder  forming  a  rebtirefj 
small  part  of  the  whole; 
and  the  branches  vbich 
supply  the  plates  of  tk 
organ  are  divisions  of  tfaa 
single  axis  cylinder. 

The  electromotive  (broeflf 
the  shock  of  the  G>'roootnj 
may  be  very  considerable; 
and  even  Torpedo  and  Mil- 
aplcrurus  are  quite  able  ra 
kill  other  fish,  their  eneinic* 
or  their  prey.  Indeed,  Gotch  has  estimated  the  electromotive  force 
of  I  cm.  of  the  organ  of  Torpedo  at  5  volts,  and  Schonlein  ftndi 
that  the  electromotive  force  of  the  whole  organ  may  be  ci^uil  to 
that  of  31  l^aniell  cells,  or  008  volt  for  each  plate,  and  it  is  one 
of  the  most  interesting  questions  in  the  whole  of  clectro-physiologj. 
how  they  are  protected  from  their  own  currents.  There  is  no  doubt 
that  the  current  density  inside  the  fish  must  be  at  least  as  great  »! 
in  any  part  of  the  water  surrounding  it,  and  probably  much  greiter. 
The  cenlTa\  nervous  ?.^j«.cto  M\i  vW  ^t^v  waves  must  be  stnjcit  bv 
Strong  shoc^ts,  ^ei  iVwt  l^a\:L  '\x^€A  '%  ^(ax.  \wjm*^-,  ^caf^ 
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Fig,  ■ 


i8S. — Diagram   Shuwisc  -Dirhc- 
TioN  OK  Shock  in  'I'oBrEtw. 


young  in  the  uterus  of  the  viviparous  Torpedo  are  unharmed.  The 
only  explanation  seems  to  be  that  the  tissues  of  electric  fish  are  far 
less  excitable  to  electrical  stimuli  than  the  tissues  of  other  animals  ; 
and  this  is  found  to  be  the  case  when  their  muscles  or  nerves  are 
tested  with  galvanic  or  induction  currents.  It  requires  extremely 
strong  currents  to  stimulate 
them  ;  and  the  electrical  ner\es 
aremore  easily  excited  mechani- 
cally, as  by  ligaturing  or  pinch- 
ing, than  electrically.  In 
general,  too,  the  shock  is  more 
readily  called  forth  by  reflex 
mechanical  stimulation  of  the 
skin  than  by  electrical  slimu- 
lation.  But  that  the  organ  itself  is  excitable  by  electricity,  has  been 
shown  by  Gotch.  He  proved  that  in  Torpedo  a  current  passed  in 
the  normal  direction  of  the  shock  is  strengthened,  and  a  current 
passed  in  the  opposite  direction  weakened,  by  an  action -current  in 
the  direction  of  the  shock.  And  indeed  a  single  excitation  of  the 
electrical  ner\'e  is  followed  by  a  series  of  electrical  oscillations  in 
the  organ,  which  gradually  die  away. 

^Vhelher  the  electrical  organ  is  the  homologue  of  muscle  or  of 
nerve-ending,  or  whether  it  is  related  to  either,  has  not  been 
definitely  settled.  That  curara  does  not  affect  the  electrical  organ  in 
Torpedo,  although  it  paralyzes  the  motor  nerve  endings,  is,  as  far  as 
it  goes,  against  the  nerve-ending  theory.  That  there  is  a  measurable 
latent  period  (about  ^ioth  second)  cannot  be  considered  as  in 
favour  of  the  muscle  theory,  for  the  latent  period  is  probably  deter- 
mined more  by  functional  than  by  morphological  considerations. 

The  skate  must  now  be  added  to  the  list  of  electric  fishes. 
Although  its  organ  is  relatively  small,  and  its  electromotive  force 
relatively  feeble,  yet  it  is  in  all  respects  a  complete  electrical  organ. 
It  is  situated  on  either  side  of  the  vertebral  column  in  the  tail.  The 
plates  or  discs  are  placed  transversely  and  in  vertical  planes.  1'he 
nerves  enter  their  anterior  surfaces  ;  the  shock  passes  in  the  organ 
from  anterior  to  posterior  end.  Gotch  and  Sanderson  have  estimated 
the  maximum  electromotive  force  of  a  length  of  i  cm.  of  the 
electrical  organ  of  the  skate  at  about  half  a  volt. 


PRACTICAL  EXERCISES  ON  CHAPTER  XI. 


^P  I.  OaiTant's  Experiment.— Pith  a  frog  (brain  and  cord).  Cut 
through  the  backbone  above  the  urostyle,  and  clear  a^vay  the  anterior 
portion  of  the  body  and  the  ^nscera.  Pass  a  copper  hook  beneath 
the  two  sciatic  plexuses,  and  hang  the  legs  by  the  hook  on  an  iron 
tripod.  If  the  tripod  has  been  painted,  the  paint  must  be  scraped 
away  where  the  hook  is  in  contact  with  it.  Now  tilt  the  tripod  so 
bat  the  legs  come  in  contact  with  one  of  the  iron  feet.     ^VheDCver 


^ba 


Tn 


578 


A  A/AyC/AL  OF  PHYSIOLOGY. 


ihis  happens,  the  current  set  up  by  the  contact  of  the  copper  and 
iron  is  completed,  ihe  nerves  are  stimulated,  and  the  muscles 
contract  (p.  555).  .       ,  ,  ,  „     . 

2.  Make  a  muscle-nerve  preparation  from  the  same  frog.  Crash 
the  muscle  near  the  lendo  Achillis,  so  as  to  cause  a  strong  demarcation 
current.  Cut  off  the  end  of  the  sciatic  nerve.  Then  lift  the  nerve 
with  a  small  brush  or  thin  glass  rod,  and  let  its  cross-section  fall  on  the 
injured  part  of  the  muscle.  Every  time  the  nerve  touches  the  muscle 
a  part  of  the  demarcation  current  passes  through  it,  stimulates  the 
nerve,  and  causes  contraction  of  the  muscle  (p.  555). 

3.  Make  a  muscle-nerve  preparation.     Lay  it  on  a  glass  pUte  A, 

supported  on  a  block  of  wood. 
Snip  off  the  end  of  the  nerve  N,  and 
arrange  the  cut  surface  on  a  pad  of 
kaolin  B,  moistened  with  normal 
saline.  Another  pad  B'  is  placed 
under  the  nen'e  a  little  way  from 
its  cut  end.  Both  pads  project  down 
over  the  edge  of  the  glass  plate. 
A  watch-glass  C  filled  with  normal 
saline  solution  is  lifted  up  below 
the  projecting  ends  till  they  are  im- 
mersed. Whenever  this  happens,  a 
circuit  is  completed  for  the  demar- 
cation current  of  the  nerve  itself, 
by  which  it  is  stimulated,  and  the 
muscle  M  contracts  (Fig.  1S9)- 

4.  Secondary  Contraction. — Make  two  muscle-nerve  preparations. 
Lay  the  cross-section  of  one  of  the  sciatic  nerves  on  the  muscle  of 
the  other  preparation  (Fig.  182,  p,  571).  Place  under  the  ner\'e  near  its 
cut  end  a  small  piece  of  glazed  paper  or  of  glass  rod,  and  let  the 
longitudinal  surface  of  the  nerve  come  in  contact  with  the  muscle 
beyond  this.  Lay  the  nerve  of  the  other  preparation  on  electrodes 
connected  with  an  induction  machine  arranged  for  single  shocks,  with 
a  Daniell  cell  and  a  spring  key  in  the  primar)-  circuit  (Fig.  160). 
On  closing  or  opening  the  key  fio/A  muscles  contract.  Arrange  the 
induction  machine  for  an  interrupted  current.  When  it  is  thrown 
into  one  nerve,  both  muscles  are  letanized ;  the  ner\*e  lying  on  the 
muscle  whose  nerve  is  directly  stimulated  is  excited  by  the  action 
current  of  the  muscle. 

5.  Demarcation  Current  and  Current  of  Action  with  Capillary 
Electrometer. — (n)  Study  the  construction  of  the  capillary  electro- 
meter (Fig.  130,  p.  469).  Raise  the  glass  reservoir  by  the  rack  and 
pinion  screw,  so  as  to  bring  the  meniscus  of  the  mercur>'  into  the  field. 

r  Place  two  moistened  fingers  on  the  binding-screws  of  the  electrometer, 
'open  the  small  key  connecting  them,  and  notice  that  the  mercury 
moves,  a  difference   of  potential   between   the  two   binding-screws 
being  caused  by  the  moistened  fingers. 

(^)  Demarcation  Current. — Set  up  a  pair  of  unpolarizable  elec- 
trodes (Fig.  132,  p.  471).     Fill  the  glass  tubes  about  one-third  full  of 


KtG.  189.— Stimllatio.n  ok  a  Nkkvi: 
BY  ITS  OWN  Demarcation  Cukbent. 


?ACnCAL  EXERCfSEi 


kaolin  mixed  with  normal  saline  solution  till  it  can  be  easily  moulded. 
To  do  this,  make  a  piece  of  the  clay  into  a  little  roll,  which  will  slip 
down  the  tut)e.  Then  with  a  match  push  it  down  until  it  forms  a 
firm  plug.  Next  put  some  saturated  zinc  sulphate  solution  in  the 
lubes,  above  the  cby,  with  a  fine-pointed  pipette.  Fasten  tlie  tubes 
in  the  holder  6xed  in  the  moist  chamber  {Fig.  190).  Now  amal- 
gaxrute  the  small  pieces  of  zmc  wire,  which  are  to  be  connected  with 
the  binding  screws  of  the  chamber. 

fo  amalgamate  zinc,  dip  it  into  dilute  sulphuric  acid  till  a  clean 
surface  is  formed  ;  rub  mercury  over  it  with  a  piece  of  cloth  or  cotton- 
wool until  the  whole  surface  is  bright,  and  then  wash  with  water. 

The  zincs  are  now  placed  in  the  tubes,  dipping  into  the  zinc 
niphate.  A  piece  of  clay  or  blotting* paper  moistened  with  normal 
siline  IS  bid  across  the  electrodes  to  complete  the  circuit  between  their 


KiG.   190 —Moist  CiiAMHiiR. 

fc,  ufipsUrisable  •teclrodei  supported  in  Ihe  cork  C  .  M,  muscle  sirelched  over  the 
^tectfodes  and  krpt  m  posittun  by  the  piiu  A  B  &iuck  in  the  cork  plnte  P ;  B,  blndinp- 
*^few»  coanecti-d  wiih  p-iUanomeier  or  capillary  electromcier.  The  other  pair  of 
^rulinf-screwt  serves  10  connect  a  pair  of  stimulating'  electrodes  toHlde  the  cbftmt>er 
^tib  ibe  secondary  coil  of  no  induction  machine. 

Points,  and  they  are  connected  with  the  electrometer  to  test  whether 
they  have  licen  properly  set  up.  There  ought  to  be  little,  if  any, 
njovement  of  the  mercury  on  o[>ening  the  side-key  of  the  electro- 
Uieter.  If  the  movement  is  large,  the  electrodes  are  'polarized,'  and 
must  be  set  up  again.  The  second  pair  of  binding-screws  in  the 
chamber  are  connected  with  a  pair  of  platinum-pointed  electrodes  on 
tlie  one  side,  and  on  the  other,  through  a  short-circuiting  key,  with 
Ihe  secondary  coil  of  an  induction  machine  arranged  for  tetanus. 

Next  pith  a  frog  (cord  and  brain),  and  make  a  muscle-nerve  pre- 
paration. Injure  the  muscle  near  the  tendo  Achillis.  Lay  the 
injured  part  over  one  unpolarizabic  electrode,  and  an  uninjured  part 
over  the  other.  Put  a  wet  sponge  in  the  chamber  to  kee^  ihc  avt 
moist,  ajjd  place  the  glass  lid  on  it.  Focus  the  men\sc\i:£  ol  >Xv^ 
tnercuiy,  and  open  the  key  of  the  electrotneici  *,  \\ift  rowcMrj  "«\\^ 
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move,  perhaps  right  out  of  the  field     Note  the  direction  o( : 
ment,  and  remembering  that  the  real  direction  is  the  opposite  of  thil 
apparent  direction,  and  that  when  the  mercur}-  in  the  capilUiy  tubtl 
is  positive  to  the  sulphuric  acid,  Che  movement  is  from  capiUaiy  I 
acid,  determine  which  is  the  positive  and  which  the  negative  ] 
of  the  muscle  (p.  556). 

{£)  Action  Currrnt. — Now  fasten  the  muscle  to  the  cork  or  pan 
plate  in  the  moist  chamber,  without  disturbing  its  position  oa  the 
electrodes,  by  pins  thrust  through  the  lower  end  of  the  femur  sod 
the  tendo  Achiilis.  Lay  the  nerve  on  the  platinum  electrode*. 
Open  the  key  of  the  electrometer,  and  let  thr  meniscus  come  to  rHi. 
This  happens  very  quickly,  as  the  capillary  electrometer  has  but  little 
inertia.  If  the  meniscus  has  shot  out  of  the  field,  it  must  he  btou^t 
back  by  raising  or  lowering  the  reservoir.  Stimulate  the  nen^t  bf 
opening  the  key  in  the  secondary  circuit ;  the  meniscus  moves  in  the 
direction  opposite  to  its  former  movement 

((/)  Repeat  {b)  and  (c)  with  the  ner%c  alone,  laying  an  injured  put 
(crushed,  cut,  or  over-htiate<l)  on  one  electrode,  and  an  uninjntni 
part  on  the  other.     Of  course  the  nerve  does  not  need  to  be  pinned 

Clean  the  un[|blarizable  electrodes,  and  be  sure  to  lower  the  reser- 
voir of  the  electrometer ;  otherwise  the  mercury  may  reach  the  point 
of  the  capillary  tul)c  and  run  out. 

In  5  a  i;alvanometer  may  be  used  instead  of  the  electrometer,  the 
unpolarizable  electrodes  being  connected  to  it  through  a  sbort 
circuiting  key.  The  spot  of  light  is  brought  to  the  middle  of  the 
scale  by  moving  the  control-magnet ,  or  if  a  iclcscope-nadiBg 
(Kig.  125,  p.  465)  is  being  used,  the  zero  of  the  scale  is  brought  bj 
the  same  means  to  coincide  with  the  vertical  hairline  of  the  tck 
scojjc      The  short-circuiting  key  is  then  opened. 

6.  Action-current  of  Heart.— Pith  a  frog  (brain  and  cord).  Eioj* 
the  heart,  and  lay  llie  base  on  one  unpolarizable  electrode,  and  theipei 
on  the  other,  having  a  sufficiently  large  pad  of  clay  on  the  tips  oi 
the  electrodes  to  ensure  contact  during  the  movements  of  the  beatt,  w 
having  little  cups  hollowed  in  the  clay  and  filled  with  normal  saiia. 
into  which  the  organ  dips.  Connect  the  electrodes  with  thecapi'^ 
electrometer  and  open  its  key.  At  each  beat  of  the  heart  the  racrcu:» 
will  move  (p.  571). 

7.  ElectrotonnB. — Set  up  two  pairs  of  unpolarizable  electrodes  m 
the  moist  chamber.  Connect  two  of  them  with  a  capillary  ekctro- 
meter  (or  galvanometer),  and  two  with  a  battery  of  three  or  foursaiaU 
Daniell  cells,  as  in  Fig.  :78.  Lay  a  frog's  ner\'e  on  the  electrodes 
When  the  key  in  the  battery  circuit  is  closed,  the  mercury  (or  ib< 
needle  of  the  galvanometer)  moves  in  such  a  direction  as  to  indiau 
that  in  the  e.vtrapolar  regions  parts  of  the  nerve  nearer  to  the  anode 
are  positive  to  parts  more  remote,  and  parts  nearer  to  the  kathode  we 
negative  to  parts  more  remote  The  direction  of  movement  of  tbe 
mercury  (or  galvanometer  needle)  must  be  made  out  first  for  ooe 
direction  of  the  polarizing  current.  Then  the  latter  must  be  reversef'', 
and  the  movement  oi  \W  vuwoivj  Vo^  xvwtCikit^  ^ro.  cXos-m^  it  apu" 
noted  (p.  567). 
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8.  Paradoxical  Contraction. — Pith  a  frog  (brain  and  cord).  Dis- 
sect out  the  sciatic  nerve  down  to  the  point  where  it  splits  into  two 
divisions,  one  for  the  gastrocnemius  b,  and  the 
other  for  the  peroneal  muscles  a.  Divide  the 
peroneal  branch  as  low  down  as  possible,  and 
make  a  muscle-nerve  preparation  in  the  usual 
way.  Lay  the  centra!  end  of  the  peroneal 
nerve  on  electrodes  connected  through  a 
simple  key  with  a  battery  of  two  Daniell  cells. 
When  the  peroneal  ner\'e  is  stimulated  the 
gastrocnemius  muscle  contracts.  This  result 
is  not  due  to  the  current  of  action,  for  it  is 
not  obtained  with  mechanical  stimulation  of 
the  nerve;  but  it  is  not  the  result  of  an 
escape  of  current,  for  if  the  peroneal  ner\e  be 
ligatured  between  the  point  of  stimulation 
and  the  bifurcation,  no  contraction  is  obtained. 
The  contraction  is  really  due  to  a  part  of  the 
electrotonic  current  set  up  in  the  peroneal 
nerve  passing  through  the  fibres  for  the 
gastrocnemius,  where  they  lie  side  by  side  in  the  trunk  of  the 
sciatic. 

9.  Alterations  in  Excitability  and  Conductivity  produced  in 
Nerve  by  tbe  Passage  of  a  Voltaic  Current  through  \t.~{a)  Set 
up  two  pairs  of  unpolarizable  electrodes  in  the  moist  chamber. 
Connect  a  battery  of  two  or  three  Daniell  cells,  arranged  in  series, 
through  a  simple  key  with  the  side-cups  of  a  Pohl's  commutator  with 


Fii;.    I'M.   -  l*.\k.\tioxi- 

(  Ai.  L'ONTKACTIUS. 


FlC.    193. — ASKANUKMtl.NT  YUYL   hHOWlNU  CHANGt^S  Uf   EXCITABILITY 
rBODL'CKU  BV  THE  VoLTAIC  CURRENT, 

M,  muscle  ;  N,  nerve  ;  £[,  Eg,  electrodes  connected  vrith  srcondAry  coU  S  ;  Ei.  E4, 
iiiipolArizAble  electrodes  connected  with  Pobl's  commutator  (willi  cross-wires}  C  ; 
B".  'potanzJng'  battery:  H.  'sdroulatins'  battery  lo  primary  circuit  H;  K,  K".  simple 
keys;  K',  sbort-drctiliuiK  key. 

cross-wires  in.  Connect  the  commutator  to  one  pair  of  the  unpolor- 
ixable  electrodes  (' the  polarizing  electrodes '),  as  in  Kig.  192.  The 
other  pair  of  unpolarizable  electrodes  ('the  stimulating  electrodes') 
are  to  be  connected  through  a  short-circuiting  key  with  the  secondary 
of  an  induction  machine  arranged  for  tetanus.  A  single  Daniell  is 
put  in  the  primary  coil.  Pith  a  frog  (brain  and  cord),  make  a  rausclC' 
nerve  preparation,  pin  the  lower  end  o!  the  femur  to  the.  wnV^v*. 
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in  the  moist  chamber,  attach  the  thread  on  the  tendo  Achillis  to  the 
lever  connected  with  the  chamber  through  the  hole  in  the  glass  pro- 
vided for  this  purpose,  and  arrange  the  nerve  on  the  electrodes  so 
that  the  stimulating  pair  is  between  the  muscle  and  the  polarizing 
pair.     By  moving  the  secondary,  seek  out  such  a  strength  of  stimulus 
[  as  just  suffices  to  cause  a  weak  tetanus  when  the  polarizing  current 
is  not  closed.     Set  the  drum  o(f  (slow  speed),  and  take  a  tracing  of 
[the  contraction.    Then  close  the  polarizing  current  with  the  Pohl's 
[commutator  so  arranged   that   the   anode  is  next  the  stimulating 
electrodes,  i>.,  the  current  ascending  in  the  nerve.     Again  open  the 
short-circuiting  key  in  the  secondary ;  the  contraction  will  now  be 
I  weaker  than  before,  or  no  contraction  at  all  may  be  obtained.     Allow 
I  the   preparation   2  minutes   to  recover,   then    stimulate  again,   as  a 
'  control,  without  closing  the  polarizing  current.     If  the  contraction  is 
\  of  the  same  height  as  at  first,  close  the  polarizing  current  with  the 
bridge  of  the  commutator  reversed,  so  that  the  kathode  is  now  next 
the  stimulating  electrodes.     On  stimulating,  the  contraction  will  now 
be  increased  in  height.     (See  Figs.  156,  157,  p.  524). 

{b)  Arrange  everything  as  in  (a),  except  that  one  of  the  polarizing 
electrodes  is  placed  at  each  end,  and  the  two  stimulating  elec- 
I  trodes  close  together  in  the  middle  of  the  nerve.  A  large  carbon 
resistance  (say  500,000  ohms)  is  introduced  into  the  circuit  of  the 
secondary  coil,  to  prevent  more  than  a  very  small  fraction  of  the 
polarizing  current  from  pa«<sing  through  the  coil.  Seek  out  the 
I  strength  of  stimulation  which  just  causes  contraction  when  the 
polarizing  current  is  not  closed.  Now  close  the  polarizing  current  m 
such  a  direction  that  the  anode  is  between  the  stimulating  electrodes 
and  the  muscle.  If  no  contraction  occurs  on  stimulation,  push  up 
the  secondary  towards  the  primary  till  the  muscle  contracts.  Then 
Slop  stimulation,  open  the  polarizing  current,  and  allow  an  interval 
of  two  minutes.  Now  pass  the  polarizing  current  through  the  ner\e 
in  the  opposite  direction,  so  that  the  kathode  is  between  the  stimulat 
ing  electrodes  and  the  muscle.  No  contraction  will  be  obtained  on 
exciting  with  the  same  strength  of  stimulus  as  caused  contraction 
when  the  anode  was  next  the  muscle.  The  kathode  has  diminished 
the  conductivity  of  the  nerve  ;  and  if  four  or  five  small  Daaiell  cetb 
are  put  on  in  the  polarizing  circuit,  no  contraction  may  be  obtained, 
even  with  the  coils  close  together,  while  the  stimulus  will  still  pass 
the  anode  and  cause  contraction. 

(r)  Connect  a  galvanometer  or  capillar}*  electrometer  by  unpolar- 
izable  electrodes  with  a  frog's  sciatic  nerve,  as  shown  in  Fig.  193,  the 
cut  end  being  on  one  electrode,  the  longitudinal  surface  on  the  other. 
Arrange  two  polarizing  electrodes  (unpolarizable),  one  at  each  end  of 
the  remaining  portion  of  the  nene,  and  connected  through  a  simple 
key  and  a  commutator  with  cross-wires  with  a  battery  of  two  or 
three  small  Daniells.  A  pair  of  fine  platinum,  or  a  third  pair  of  ver>- 
fine-pointed  unpolarizable  electrodes  is  placed  under  the  nerve  mid- 
way between  the  two  polarizing  electrodes,  and  connected,  through 
a  large  carbon  resistance,  with  ihe  secondary  of  an  induction-machine 
arranged  for  tetanus.     Let  the  mercurj-  of  the  electrometer  or  the 
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spot  of  tight  on  the  scale  of  the  gaU'anometer  (or  the  telescope  image 
of  the  scale)  come  to  rest  when  the  demarcation  current  of  the  nerve 
is  thrown  in.  On  stimulating  the  nerve  when  the  polarizing  circuit 
is  open,  a  movement  of  the  mercury  in  the  capillary  electrometer  or 
of  the  spot  of  light  (or  telescope  image,  as  the  case  may  be)  in  the 
galvanometer  takes  place  (cuireni  of  action).  Now  close  the  polariz- 
ing current  in  such  a  direction  that  the  anode  is  next  the  leading-off 
electrodes.  An  action  current  is  still  indicated  on  stimulation.  Re- 
verse the  polarizing  current  so  as  to  bring  the  kathode  next  the  Icad- 
ing-off  electrodes.  The  excitation  is  now  blocked  by  the  kathode, 
and  no  movement  of  the  mercury  or  of  the  spot  of  light  takes  place. 

10.  Plliiger's  Fornmla  of  Contraction  (p.  525). — To  demonstrate 
this,  connect  two  unpolarizable  electrodes,  through  a  spring  key  and 
a  commutator,  with  a  simple  rheocord  fFig.  162),  so  as  to  lead  off 
a  twig  of  a  current  from  a  Daniell  cell.  The  unpolarizable  elec- 
trodes are  placed  in  a  moist  chamber.     A  muscle-nerve  preparation 


U,  '  polnriiing'  brtl- 
lery ;  C,  Pohl's  com- 
tiiuiator  with  cro&v 
wirrs  ;  Ei,  E,,  unpolar- 
izable electrodes  con* 
necied  wUh  C :  D, 
pbitinum  e  led  ro  dea 
connected  with  S.  the 
secondary  coi!,  through 
the  large  carbon  resist- 
ance R  :  B'.  Mttery  in 
circuit  of  pnmiiry  P ; 
Y^.  Ei.  unpolaritabte 
electrodes  connected 
wiib  Hg  and  H9SO4, 
the  mcrcnry  and  suu 
pimric  acid  of  tbe 
capillary  electrometer ; 
K.  K',  simple  keys; 
K",  a  short-circuiting 
key ;  N.  nerve. 
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is  arranged  with  the  nerve  on  the  electrodes  and  the  musde  attached 
to  a  lever.  The  effects  of  make  and  break  of  a  weak  current,  ascend- 
ing and  descending,  can  be  worked  out  with  the  simple  rheocord. 
The  effects  of  a  medium  current  will  probably  be  obtained  with  a 
single  Daniell  connected  directly  with  the  electrodes  through  a 
key.  The  effects  of  a  strong  current  will  be  got  when  three  or  four 
Daniells  are  connected  with  the  electrodes.  Care  must  be  taken  to 
keep  the  preparation  in  a  moist  atmosphere,  and  more  than  one 
preparation  may  be  needed  to  verify  the  whole  formula. 

II.  Hitter's  Tetanus. — I^y  the  nerve  of  a  mu5cle-ner\'e  prepara- 
tion on  a  pair  of  un[Milarizable  electrodes  connected  through  a  simple 
key  with  a  battery  of  three  or  four  small  Daniells.  Connect  the 
mu.scle  with  a  lever.  Pass  an  ascending  current  (anode  next  the 
muscle  for  a  few  minutes)  through  the  nerve,  and  let  the  writing-point 
trace  on  a  slowly-moving  drum.  When  the  current  is  closed  there 
may  be  a  single  momentary  twitch,  or  the  rauscVe  tos."^  xfwsaAxv  ^Krt»&- 
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tiat  contracted  (galvanotonus)  as  long  as  the  current  is  allowed 
to  pass,  or  it  may  continue  to  contract  spasmodically  (*  closing 
tetanus  ').  When  the  current  is  opened  the  muscle  will  contract  once, 
and  then  immediately  relax,  or  there  may  be  a  more  or  less  continued 
tetanus  (Ritter's  or  'opening  tetanus').  If  opening  tetanus  is  ob- 
tained, divide  the  nerve  between  the  electrodes :  the  tetanus  continues. 
Divide  it  between  the  anode  and  the  muscle :  the  tetanus  at  once 
disappears.  This  shows  that  the  seat  of  the  excitation  which  causes 
the  tetanus  is  the  neighbourhood  of  the  anode  (p.  567).  That  there 
is  a  stale  of  excitation  in  this  region  after  a  voltaic  current  is  opened 
may  be  shown  electrically  thus  : 

12.  PoBitive  Polarization. — Connect  a  pair  of  unpolarizable  elec- 
trodes by  double  leads  with  a  batter)*  of  twelve  or  fifteen  small  Daniclls 
and  a  galvanometer  or  capillary  electrometer,  as  in  Fig.  194.  A  Pohl's 
commutator  without  cross-wires  is  introduced  in  such  a  way  that 
when  the  bridge  is  in  one  direction  the  battery  circuit  is  made  and 


E^,  £;.  unpolariable 
electrodes  connecicd 
wiih  the  '  polnrijlnc' 
liAltcry  B  througli  a 
Polil's  commutator 
I  w  tthout  cross-wires)  C; 
K.  simple  key;  HK&od 
llaSOi,  lh«  mrrcury 
and  sulphuric  acid  of 
ihc  capillary  ctectro- 
m*tCT  ;  N,  nerve;  K', 
kry  in  clcctrooicler 
circtdb 

Fig.  1(W-  — i^CHEMK  ?l»K  DtMONSlKATtNG  '  Pttel* 
TIVB  POI-Akli\T10N  '  BV  THK  CAMLLAHV 
EtECl-MOMCT£JI. 

the  galvanometer  or  electrometer  circuit  broken,  and  I'ice  versa  when 
thft  bridge  is  tilted  in  the  other  direction.  A  frog's  ner\e  is  laid  on 
tile  electrodes  in  the  moist  chamber,  with  its  cut  ends  at  the  same 
distance  from  the  electrodes  (strcamlcss  arrangement),  to  eliminate  as 
far  as  possible  the  demarcation  current  The  battery  current  is  now 
passed  for  an  instant  through  the  nerve  ;  the  commutator  is  at  once 
reversed,  and  the  electrometer  or  galvanometer  shows  a  movement 
indicating  that  the  anodic  area  is  negative  to  the  kathodic  ('  positive 
polarization').  The  positive  polarization  current  is  in  the  same 
direction  as  the  polarizing  current.  The  positive  polarization  effect 
may  be  preceded  by  a  *kick'  in  the  opposite  direction  ('negative 
polarization  *).  The  negative  polarization  effect  is  much  increased  if 
the  polarizing  current  be  allowed  to  flow  for  some  lime.  For  accu- 
rate experiments  it  is  better  to  employ  two  pairs  of  unpolarizable 
electrodes,  one  for  leading  in  the  polarizing  current  to  the  tissue,  and 
the  other  for  leading  off  the  polarization  current  to  the  galvanometer 
or  electrometer. 

13.  Oalvanotioviam.— ■p\a.te  ^v  tas-Vv  «^d  ot  ^  rectangular  trough 


PRACTICAL  EXERCISES. 


585 


filled  with  tap-water  a  metallic  plate,  or  a  plate  of  carbon,  connected 
through  a  commutator  and  key  with  the  poles  of  a  Grove  or  bichro- 
mate battery  of  several  cells,  or,  if  the  laboratory  is  provided  with  a 
current  from  the  street,  with  the  switch  through  one  or  more  incan- 
descent lamps.  Put  into  the  water  a  number  of  tadpoles,  which 
should  not  be  too  young.  When  the  current  is  closed,  the  tadpoles 
will  arrange  themselves  in  a  definite  way  with  their  long  axes  in  the 
direction  of  the  lines  of  flow.  Reverse  the  current,  and  they  turn 
their  heads  in  the  opposite  direction.  Determine  whether  the  head 
of  the  tadpole  is  turned  towards  or  away  from  the  anode,  and  report 
the  result  of  your  observation.  If  the  current  is  taken  from  the 
laboratory  supply,  the  anode  may  be  known  as  the  electrode  at  which 
least  gas  comes  off,  or  at  which  a  mixture  of  potassium  iodide  and 
starch  becomes  blue. 


CHAPTER  XII. 

THE  CEKTUAL  ITERVOTTS  SYSTEM. 

In  other  divisions  of  our  subject  we  have   been  able  to 
follow  to  a  greater  or  less  extent  the  processes  which  t^ 
place   in   the   organs   described.     The   chemistr>'  and  the 
physics  of  these  processes  have  bulked  more  largely  in  oor 
paj;es  than  the  anatomy  and  histoiog>-  of  the  tissues  them- 
selves.    In  dealing  with  the  central  nervous  system  we  must 
adopt  a   method  the  very  reverse  of  this.     Its  anatomical 
arrangement   is  excessively   intricate.     The    events  which 
take  place  in  that  tangle  of  fibre,  cell,  and  fibril  are,  on  the 
other  hand,  almost  unknown.     So  that  in  the  description  of 
the  physiology  of  the  central  nervous  system  we  can  as  yd 
do  little  more  than  trace  the  paths  by  which  impulses  mtff 
pass  between  one  portion  of  the  system  and  another,  and  tod 
the  anatomical  connections  deduce,  with  more  or  less  pro- 
bability, the  nature  of  the   physiological  nexus  which  Its 
parts  form  with  each  other  and  the  rest  of  the  body,    .^nd 
here  it  maybe  well  to  remark  that,  although  for  convenience 
of  treatment  we  have  considered  the  general  properties  of 
nerves  in  a  separate  chapter,  there   is  not  only  no  funda- 
mental distinction  between  the  central  nervous  system  afld 
the  outrunners  which  connect   it  with  the  peripherj'.  tmt 
obviously  a  central  nervous  system  would  be  meaningless 
and  useless  without  afferent  nerves  to  carry  information  tfl 
it  from  the  o\it%\Ae,  a.wi  eSit^t^v  ^ervtis  along  which  its 
commands  may  be  coT\A\x0.td  v<a  xVvt  •vj^s.xv^Vt^-i^  ^x^^sa- 
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THE  CENTRAL  NERVOUS  SYSTEM. 


I.  Struotore  of  the  Central  Kerroua  System.* 


In  unravelling  the  complex  structure  of  the  central  nervous 
system,  we  avail  ourselves  of  information  derived  (i)  from 
its  gross  anatomy;  (2)  from  its  microscopical  anatomy; 
(3)  from  its  development ;  (4)  from  what  we  may  call» 
although  the  term  is  open  to  the  criticism  of  cross-division, 
its  physiological  and  pathological  anatomy. 

The  study  of  development  enables  us  not  only  to  determine  the 
homology,  the  morphological  rank,  of  the  various  parts  of  the  brain 
and  cord,  but  also,  by  comparison  of  animals  of  different  grades  of 
organization,  sometimes  to  decide  the  probable  function  and  physio- 
logical importance  of  a  strand  of  nerve-fibres  or  a  column  of  nerve- 
cells.  It  is  of  special  importance  in  helping  us  to  differentiate  and 
to  trace  the  various  tracts  or  paths  into  which  the  white  matter  of  the 
central  nervous  system  may  be  divided.  For  the  medullar)'  sheath 
is  not  developed  at  the  same  time  in  all  the  tracts,  and  a  strand  of 
nerve-fibres  without  a  medulla,  ^.1;.,  the  pyramidal  tract  (p.  598)  at 
birth,  is  readily  distinguished  under  the  microscope. 

Then,  again — and  this  is  what  we  propose  to  include  under  the 
fourth  head — experimental  physiology  and  clinical  and  pathological 
observation  throw  light  not  only  on  the  functions,  but  also  on  the 
structure,  of  the  central  nervous  system.  For  instance,  complete  or 
partial  section,  or  destruction  by  disease,  of  the  white  fibres  of  the 
cord  or  brain,  or  of  the  nerve  roots,  or  removal  of  portions  of  the 
grey  matter,  is  followed  by  degeneration  in  definite  tracts.  ^Vnd 
since,  as  we  have  already  seen,  degeneration  of  a  ner\efibre  is  caused 
when  it  is  cut  ofl*  from  the  cell  of  which  it  is  a  process,  the  amount 
and  distribution  of  such  degeneration  teaches  us  the  extent  and 
posiuon  of  the  central  connections  of  the  given  tract.  And,  particu- 
larly in  young  animals,  removal  of  peripheral  organs^ — an  eye  or  a 
limb — may  be  followed  by  atrophy  of  portions  of  the  central  nervous 
system  immediately  related  to  it.  Certain  tracts  of  white  or  grey 
matter  are  also  differentiated  from  each  other  by  the  size  of  their 
fibres  or  cells.  For  example,  the  posteromedian  column  of  the 
spinal  cord  has  small  fibres,  the  direct  cerebellar  tract  large  fibres ; 
the  pyramidal  cells  in  what  we  shall  afterwaids  have  to  distinguish  as 
the  Meg  area'  (p.  658)  of  the  cerebral  cortex  are  large  ;  those  of  the 
*  face  area '  are  comparatively  small. 

Certain  tracts  may  also  be  marked  out  by  means  of  the  electrical 
variation,  which  gives  token  of  the  passage  of  nervous  impulses  along 
them  when  portions  of  the  central  nervous  system  or  peripheral 
□erves  are  stimulated  (Horsley  and  Gotch). 

*  It  is  unnecessary  to  say  that  a  complete  description  of  the  structure 
of  the  brain  and  cord  from  the  anatomical  standpoint  would  be  out  of  place 
in  a  book  like  this.  As  in  the  other  divisions  of  our  subject,  a  knowledge, 
of  anatomy  is  assumed  on  the  part  of  the  reader. 
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Development  of  the  Central  Nervons  System. — Very  early  io 
development  (Fig.  195)  the  keel  of  the  vertebrate  embryo  is  laid 
down  as  a  groove  or  gutter  in  the  epiblast  of  the  blastodermic  area 
(Chap.  XIV.).  The  walls  of  this  'medullary  groove '  grow  inwards, 
and  at  length  there  is  formed,  by  their  coalescence,  the  *  neural  canal ' 
(Fig.  1 96),  which  expands  at  its  anterior  end  to  form  four  cerebral 


iG.  195.— Formation  OP  THE  NeuralCanal  at  an  Early  Stage  (AptekHillI. 

vesicles  (Fig.  197).  Thus  there  is  a  continuous  tunnel  from  end  to 
end  of  the  primary  cerebrospinal  axis  ;  and  this  persists  in  the  adult 
as  the  central  canal  of  the  spinal  cord  and  the  ventricles  of  the  brain, 
whose  ciliated  epithelium  represents  the  epiblastic  lining  of  the  primi- 
tive neural  canal.*  From  the  wall  of  this  canal  is  developed  the 
cerebrospinal  axis,  with  the  motor  roots  of  the  spinal  nerves.     The 


MG.  19c.— Neukal  Canal  at  a  Later  Stage. 

ganglia  on  the  posterior  roots  arise  from  a  series  of  epiblastic  thickeo- 
ings  arranged  along  the  neural  canal,  but  outstdc  its  walL  From  both 
poles  of  each  ganglion  cell  a  process  grows  out,  one  towards  the 
periphery,  which  forms  a  peripheral  nerve-fibre,  the  other  centrally 

*  Gaskell  and  Bland  Sutton  regard  the  central  canal  as  the  representa- 
tive of  the  alimentary  canal  of  the  (crustacean)  ancestors  of  ine  verte- 
brates. 
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to  connect  the  cell  with  the  cord.  From  the  after-brain  is  developed 
the  medulla  oblongata,  from  the  hind-brain  the  cerebellum  and  pons, 
from  the  mid-brain  the  corpora  quadrigemina  and  crura  cerebri 
The  fore-brain,  or  primary  fore- 
brain,  gives  rise  of  itself  only 
10  the  third  ventricle  and  optic 
thalamus,  but  an  anterior  cere- 
bral vesicle  or  sccondar)'  fore- 
brain  budsofT  from  it  and  soon 
divides  into  two  chambers, 
from  the  roof  of  which  the 
cerebral  hemispheres,  and  from 
the  floor  the  coqjora  striata, 
are  derived.  Their  cavities 
persist  as  the  lateral  ventricles, 
which  communicate  with  the 
third  ventricle  by  the  foramen 
of  Monro,  The  olfactory 
tracts  are  formed  as  buds  from 
the  secondary  fore-brain. 

To  complete  the  story  of 
the  development  of  the  brain, 
it  may  be  added  that  the  retina 
is  really  an  expansion  of  its 
nervous  substance.  A  hollow 
process,  the  optic  vesicle, 
buds  out  on  each  side  from 
the  primary  fore  -  brain.  A 
button  of  epiblast,  which  after- 
wards becomes  the  lens,  grows 
against  the  vesicle  and  indents  it,  so  that  it  becomes  cup  shaped,  the 
inner  concave  surface  of  the  cup  representing  the  retina  proper,  the 
outer  convex  surface  the  choroidal  epithelium.  The  stalk  becomes 
the  optic  nerve. 

Histological  Elements  of  the  Central  Neirous  System. — The 
central  nervous  system  is  built  up  (i)  of  true  nervous  elements, 
(2)  of  supporting  tissue.  The  nervous  elements  consist  of  nen'c- 
fibres  and  nerve-cells,  but  the  antithesis  of  a  time-honoured  distinc- 
tion must  not  lead  us  to  forget  that  the  essential  pan  of  a  nerve- 
fibre,  the  axis-cylinder,  is  a  process  of  a  nerve-cell,  and  the  medullary 
sheath  perhaps  a  product  of  the  axis-cylinder.  For  although  each 
internode  of  the  medullary  sheath  of  a  peripheral  nerve-fibre  has  been 
supposed  to  be  formed  from  a  cell  that,  in  the  course  of  development, 
comes  in  contact  with  the  axis-cylinder  and  ultimately  encircles  it, 
a  similar  origin  can  hardly  be  admitted  for  the  medulla  of  the  fibres 
of  the  spinal  cord  and  brain,  where  indeed  a  segmental  genesis  seems 
excluded  by  the  absence  of  the  nodes  of  Ranvier.  the  internodal  nuclei 
and  the  neurilemma.  Only  meduUated  ner\'e-fibres  are  met  with  in  the 
white  matter  of  the  ccrebro-spinal  axis.  In  diameter  they  vary  from  ^  ^ 
to  20  /^     In  MaiapUrurus  electrian  the  fibre  in  \Wt  coxA  ^\\\c\\  ^xiv^"^*:^ 


Fig.  197.— Diagram   to  rtLi'sTRATE  the 

FORMATIOM  OP  TH£  CEBEBKAL  VESICLES. 

A.  I  indicmles  the  cavity  of  the  secondary 
fore-brain  (anterior  cerebnil  vesicles),  wbicii 
evenliully  becomes  ihe  Inieml  ventricles.  In 
B  llic  secondary  fore-brajn  lias  grown  back- 
WArds  so  as  to  overlap  the  otlier  vrslcles. 

I,  first  cerebral  vesicle  (primHry  fore-braini ; 

II.  second  ceirbml  vesicle  (mid -braini ; 
ni,  third  cerebral  vesicli;  (liind -brain) ; 
IV,  fourth  cerebral  vesicle  (iifter-brain). 
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the  electrical  organ  is  of  immense  size ;  and  in  the  antenor  column  of 
many  fishes  may  also  be  seen  a  single  gigantic  fibre  on  each  side 
with  a  diameter  of  nearly  loo  /i.  It  cannot  be  said  that  any  relation 
between  the  functions  of  ncn-ous  fibres  and  their  size  has  been 
definitely  established.  Many  afferent  fibres,  it  is  true,  arc  small — 
this  is  notably  the  case  with  the  fibres  of  the  posterior  column  and 
posterior  root — and  many  motor  fibres  are  large.  But  the  distinc- 
tion can  by  no  means  be  generalized,  for  the  fibres  of  the  cerebellar 
tract,  which  certainly  are  afferent,  are  among  the  largest  in  the  spinal 
cord ;  and  the  vasomotor  fibres,  which  pass  from  the  cord  into  the 
sympathetic,  are  smaller  than  the  fibres  of  the  posterior  column. 
Even  the  motor  nerve-fibres  of  striated  muscles  vary  considerably  in 
diameter,  those  of  the  tongue,  e.g.^  being  smaller  than  those  of  the 
muscles  of  the  limbs.  Further,  the  niedullated  fibres  of  the  bnin 
are,  without  reference  to  function,  in  general  finer  than  the  fibres  of 
the  cord.  The  cause  of  these  differences  in  the  size  of  nerve-fibres 
is  quite  unknown.  It  is  more  likely  to  be  morphological  than 
physiological. 

The  grey  matter,  in  addition  to  non-medullated  fibres  aiid  fila- 
ments arising  from  the  nerve-cells,  contains  also,  as  may  be  seen  in 
preparations  stained  Ijy  VVeigerl's  method,*  great  numbers  of  exceed- 
ingly fine  meduUated  fibres,  which  form  with  the  interlacing  non- 
medullated  filaments  a  jilexus,  or  fellwork. 

Nerve-cells  are  the  most  distinctive  histological  feattirc  of  ihc 
grey  nervous  substance.  Sown  thickly  in  the  cerebral  cortex,  the 
basal  ganglia,  the  floor  of  the  fourth  ventricle,  and  the  cervical  and 
lumbar  enlargements  of  the  cord,  they  are  scattered  more  sparingly 
wherever  the  grey  matter  extends.  They  also  occur  in  the  spinal 
ganglia  and  their  cerebral  homologues,  in  the  ganglia  of  the  sympa- 
thetic system  and  the  sporadic  ganglia  in  general.  But  wide  as  is 
their  distribution  and  great  as  is  the  size  of  the  individual  cells,  they 
yet  make  up  but  a  small  portion  of  the  whole  of  the  central  nervous 
substance.  And  although  it  is  not  to  be  wondered  at  that  objects 
so  notable  when  viewed  under  the  microscope  should  have  struck 
the  imagination  of  physiologists,  it  is  probable  that  the  very  high 
powers  which  it  is  so  common  to  attribute  exclufiively  to  them  ought 
to  be,  in  part  at  least,  shared  with  the  nenous  plexus  woven  from 
their  processes  and  of  which  they  form  the  nodes. 

A  cell  from  the  anterior  horn  of  the  spinal  cord  {Plate  V,  j), 
which  may  be  taken  as  a  typical  nerve-cell,  is  a  knot  of  granular, 
often  fibrillated,  protoplasm,  apparently  destitute  of  a  ccU-wall,  but 
containing  a  large  nucleus,  inside  of  which  lies  a  highly  rcfractiTC 
nucleolus.  Several  processes— it  may  be  five  or  six— pass  off  from 
the  cell-body,  one  of  which  is  distinguished  from  the  rest  by  the  fact 
that  it  does  not  branch.  This  process,  which  in  favourable  cases 
can  be  traced  on  till  it  becomes  the  axis-cylinder  of  a  ncn-e- 
fibre,  is  called  the  axis-cylinder  process.     The  rest  break  up  into 

*  Weigerfs  is  a  special  method  of  suining  axis-cylioders  with  haunt- 
loxylin. 
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fibrils  at  a  little  distance  from  the  cell,  and  lose  themselves  in  the 
surrounding  network,  \\hich  forms  the  greater  portion  of  the  ground- 
material  of  the  grey  substance,  and  in  which  the  branching  systems 
of  neighbouring  colls  anastomose — at  least  in  the  sense  that  it  is 
possible  for  impulses  to  pass  across  it  from  one  cell-system  to 
another,  whether  an  actual  anatomical  continuity  exists  or  not.  All 
the  nen'e-cells  of  the  cerebro-spinal  axis  agree  with  the  cells  of  the 
anterior  horn  in  the  possession  of  an  unbranched  process,  and  one 
or  more  offshoots  that  branch  into  the  plexus  of  the  grey  matter. 
The  cells  of  the  sympathetic  and  spinal  ganglia  are  on  a  diCferent 
footing  (see  p.  627). 

Another  kind  of  cell  which  seems  undoubtedly  to  be  of  a  nervous 
nature  is  the  *  granule-cell.'  liranule-cells  are  much  smaller  than 
the  nerve-cells  we  have  been  describing.  Their  processes  are  much 
less  easily  followed,  but  probably  the  cells  are  bipolar.  They  con- 
tain a  relatively  large  nucleus  (5  to  8  /*  in  diameter),  with  only  a 
mere  fringe  of  ce!l-subsiance.  The  nucleus,  unlike  that  of  a  large 
nerve-ccli,  stains  deeply  with  hsematoxylin.  Some  parts  of  the  grey 
matter  are  crowded  with  these  granule-cells,  ^.,j^.,  the  so-called  nuclear 
layer  of  the  cerebellum  and  the  substantia  gelatinosa,  or  substance 
of  Rolando,  which  caps  the  posterior  horn  in  the  cord.  In  other 
parts  they  are  more  thinly  scattered,  but  probably  they  are  as  widely 
diffused  as  the  large  nerve-cells  proiser,  and  no  extensive  area  of  the 
grey  matter  is  wholly  without  them. 

The  layer  of  ciliated  epithelium  lining  the  central  canal  of  the 
spinal  cord  and  the  ventricles  of  the  brain  in  the  lower  animals  and 
in  early  life  in  man,  has  also  been  considered  by  some  as  of  ner\ous 
nature;  and  the  fact  that  the  deep  ends  of  the  cells  are  continued 
into  processes  which  pierce  far  into  the  grey  substance  lends  weight 
to  this  opinion. 

The  supporting  tissue  of  the  central  nervous  system  consists 
partly  of  ordinary  connective  tissue  derived  from  the  mesoblast,  and 
partly  of  a  peculiar  form  of  tissue  derived  from  the  cpiblasl,  and 
called  niuro^Ua,  The  whole  cerebro-spinal  axis  is  wrapped  in  four 
concentric  sheaths.  Next  the  walls  of  the  bony  hollow  in  which  it 
lies  is  the  dura  mater.  Next  the  ner\'ous  substance  itself,  followmg 
the  convolutions  of  the  brain  and  the  fissures  of  the  cord,  and  givmg 
off  bloodvessels  supported  in  connective-tissue  septa  to  both,  is  the 
pia  mater.  Between  the  dura  and  the  pia,  separated  from  the  latter 
by  a  jacket  of  cerebro-spinal  fluid,  is  the  double  layer  of  the  arachnoid. 
The  comparatively  coarse  processes  that  run  into  the  nervous  sub- 
stance from  the  pia  mater  are  the  main  beams  in  the  scaffolding  of 
nonner\*ous  material  with  which  that  substance  is  interwoven,  and 
by  which  it  is  supported  The  interstices  are  filled  in  by  a  thick  set 
network  of  interlacing  and  often  branching  filaments,  given  off  i>y 
the  small-bodied  cells  of  the  neuroglia.  In  certain  situations — for- 
example,  in  the  grey  matter  immediately  beneath  the  floor  of  the 
ventricles  (the  ependyma,  as  it  is  called)— the  processes  of  these  cells 
are  especially  long,  and  run  out  from  the  attenuated  ceU-b<ii"H  \\V.*t 
the  arms  of  a  microscopic  crab  or  spider^  and  x\\e^  >\aNfc\vt'cvt«.  \e.<is\s«^ 
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the  name  of '  spidcr-ccUs/  or  cells  of  Deiters.  Golgi's  method*  of  stain 
ing  brings  the  processes  out  with  great  sharpness.  .Another  kind  of 
connective  tissue  has  been  described  as  peculiar  to  the  centra] 
nervous  syslciii,  and  as  consisting  only  of  a  granular  mass,  enlirdy 
devoid  of  cells,  filling  in  the  spaces  of  the  grey  matter  not  occupied 
by  the  other  elements.  It  is  for  this  substance  that  some  auihors 
reserve  the  name  of  neuroglia.  But  it  is  by  no  means  certain  thtl 
the  granular  appearance  seen  in  microscopic  preparations  is  due  to 
anything  else  than  the  cross-seclions  of  Bne  connective-tissue  fibrik 
or  of  the  nervous  plexus. 

General  Arrangement  of  the  White  and  Grey  Hatter  in  the 
Central  Nervous  Syrtem.— f  i )  .\round  the  central  canaJ.  as  we 


Fig.  198.— NeuKOGLrA  Cell*  (from  a  Uumaa  erabcyo  to  cio.  in  itnjibi.  "O* 
small  cell  on  the  riKlit  i*  froni  the  j^rejr,  tbe  oiher  two  iron  tbe  white  wtflV 
Golgi's  melbod  (Kulliker]. 

have  seen,  a  tube  of  grey  matter  sheathed  with  while  fibtesii 
developed.  This  tube,  from  optic  thalamus  to  conus  mt6s^ 
laris,  may  be  conveniently  referred  to  as  the  central  p^ 
axis  or  staUf  which,  in  the  lowest  vertebrates,  e.g.,  fishes, 
is  much  the  most  important  part  of  the  central  nervoos 
system. 

(2)  On  the  outer  surface  of  the  anterior  portion  of  tbt 
neural  axis,  but  not  in  the  part  corresponding  to  the  spinai 

*  The  method  depends  upon  tbe  deposition  of  mercury  in  or  arouodtfc* 
cdl-bodies  and  their  processes  in  tissues  which  have  been  luudcoed  ^ 
bichromate  of  poiassmm  and  then  soaked  in  a.  solution  of  mertwic 
chloride.  In  VaVs  \TcvipTo\tTO,ti\v  cS,  v:.o\£ii  -nsttOcvsinl  3l  solution  of  solic 
sulphide  foUows  \Vve  m«eux\c  OAon^e- 
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cord,  is  laid  down  a  second  sheet  of  cortical  grey  matter. 
Between  this  and  the  primitive  grey  stem  are  interposed  (a) 
the  sheath  of  white  fibres  that  clothes  the  latter,  and 
connects  its  various  parts,  and  {b)  a  new  development  of 
white  matter  (corona  radiata,  cerebellar  peduncles),  which 
serves  to  bring  the  cortex  into  relation  with  the  primitive 
axis,  and  through  it  with  the  rest  of  the  body. 

Although  there  are  histological  and  developmental  dif- 
ferences between  the  cerebral  and  the  cerebellar  cortex,  we 
may,  for  some  purposes,  classify  them  together  as  cortical 
formations.  And  we  may  also  include  under  this  head  the 
corpora  striata,  which,  although  generally  grouped  with  the 
optic  thalami  and  the  other  clumps  of  grey  matter  at  the 
base  of  the  brain,  as  the  basal  ganglia,  are  to  be  regarded  as 
cortical  in  character.  As  we  mount  in  the  vertebrate  scale, 
the  cortex  formation  of  the  secondary  fore-brain  and  hind- 
brain  acquires  prominence. 

In  other  words,  the  grey  matter  developed  in  the  roof  of  the 
cerebral  vesicles  I.  and  HI.  (Fig.  197)  (the  grey  matter  of  the  cere- 
bral and  cerebellar  cortex)  comes  to  overshadow  the  superficial  grey 
matter  hitherto  present  only  in  the  roof  of  vesicle  II.  (in  the  corpora 
bigemina).  And  this  cortex  formation  becomes  larger  in  amount, 
and,  in  the  case  of  the  cerebral  grty  matter,  more  richly  convoluted, 
the  higher  we  ascend,  until  it  reaches  its  culmination  in  man.  .\s 
the  anterior  cerebral  vesicles  develop,  they  spread  continually  back- 
ward until  at  length  the  cerebral  hemispheres  cover  over,  and  almost 
completely  sunound,  the  primary  fore  brain,  and  the  mid-  and  hind- 
brains,  so  that  the  anterior  portion  of  the  primitive  stem  comes, 
as  it  were,  to  be  invaginated  into  the  second  wider  tube  of  cortical 
grey  matter.  This  development  of  the  cortical  grey  substance  is 
accompanied  with  a  corresponding  development  of  while  fibres,  for 
an  isolated  nerve-cell  is  no  more  conceivable  than  a  railway-station 
the  track  from  which  leads  nowhere  in  particular,  or  a  harbour  on 
the  top  of  a  hill. 

But  it  is  to  be  particularly  observed  that  the  new  forma- 
tion does  not  supplant  the  old,  but  works  through  and 
directs  it.  The  cortex  does  not  throw  out  its  filaments  to 
make  direct  junction  with  muscles  and  sensory  surfaces. 
Such  junction  it  finds  already  established  between  the 
primitive  cerebro-spinal  axis  and  the  periphery.  It  joins 
itself  on  by  new  white  substance  to  the  cells  of  the  central 
stem ;   and  we  have  reason  to  believe  that  no  fibres  pass 
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either  from  the  periphery  to  the  cortex,  or  from  the  corta 
to  the  periphery,  without  being  broken  ia  the  cells  of  this 
primitive  grey  tube. 

The  fibres  from  the  cortex  of  each  cerebral  hemisphere  (cocottj 
radiata),  radiating  out  like  a  fan  hclow  the  grey  matter,  are  gathered 
together  into  a  compact  leash  as  they  sweep  down  through  the 
isthmus  of  the  brain  in  the  internal  capsule,  to  join  the  cnui 
cerebri.  The  cortex  of  each  cerebellar  hemisphere,  and  the  ribbed 
pouch  of  grey  matter,  known  as  the  corpus  dentatum,  which  ts  Juried 
in  its  while  core,  are  also  connected  by  strands  of  fi'^—  "■-''■  t^ 
central  stem  and  the  cerebral  mantle.     The  re^tiform  U  ' 

peduncle  brings  the  cerebellum  mto  communication  wun  u.c  -,  ^i) 
cord.  The  superior  peduncle  by  one  path,  and  the  middle  p«iu"-cle 
by  another,  connect  it  with  the  cerebral  cortex.  A  great  irani^era 
commissure,  the  corpus  callosum,  unites  the  cerebral  hemi-vufifn? 
across  the  middle  line,  while  transverse  fibres  that  >  v 

as  well  as  other  fibres  that  break  through  the  m:^  J. 

form  a  similar  junction  between  the  two  hemispheres  of  Ibe  *:tf^ 
bellum. 

The  fibres  of  the  nervous  system  may  be  divided  ictii 
(i)  fibres  connecting  the  peripheral  organs  with  nervt«l!< 
in  the  central  grej'  axis  ;  (2)  fibres  connecting  ncrvt-ct^l^i 
this  central  axis  with  cells  in  the  external  or  corttcai  ^ 
tube ;  and  (3)  fibres  linking  cortex  with  cortex,  or  centnl 
ganglia  with  each  other.  Our  first  task  is,  therefore,  to  tnc! 
the  peripheral  nerves  to  their  cells  or  centres  in  the  nen-ous 
stem.  And  although  there  is  reason  to  believe  that  iht 
whole  of  the  peripheral  nerves,  cerebral  and  spinal 
the  exception  of  the  olfactory  and  opric,  which  are  raB 
portions  of  the  brain  than  true  peripheral  nerx-es),  fonn  sr 
unbroken  morphological  series,  it  will  be  well  to  bcgio 
the  spinal  nerves,  since  their  motor  and  sensor>'  fibresi 
gathered  into  different  and  definite  roots,  whose  eooise' 
within  the  cord  is,  in  general,  more  easily  traced  than  the 
course  of  the  cerebral  root-bundles  within  the  brain. 

Arrangement  of  the  Orey  and  White  Katter  in  the  Spiul 
Cord. — The  yr«y  matter  of  the  spinal  cord  is  arranged  oe 
each  side  in  a  great  unbroken  column  pf  roughly  cresccDUC ' 
section  (Plate  V.,  3),  joined  with  its  fellow  across  the  roiddk  \ 
line  by  a  grey  bar  or  bridge,  which  springs  from  the  con- 
vexity of  the  crescent,  and  is  pierced  from  end  to  end  hr 
the    cet\tra\    catiaX.    '\V«t  ^'qx&xxq^  \tf3TO.  ^^  iKe  crescent,] 


THE  CESTRAL  SERVOUS  SYSTEM. 

BOUgh  it  varies  in  shape  at  dififerent  levels  of  the  cord,  is, 
general,  broad  and  massive  in  comparison  with  the 
inder  and  tapering  posterior  horn.  In  the  lower  cervical 
d  Qpper  dorsal  region  a  moulding  or  projection,  forming 
ateral  horn,  springs  from  the  fluted  outer  side  of  the  gre> 
bstance.     Within  the  i^rey  matter  nerve-cells  are  found. 


Stiihni/a  Ctr vital 


Latrro/  nlf-t(iittnn 

i^cr/u  tffit  if  t/tr   in  ft  r  ~ 

mrfin-thiritil  IntifJ 

SftlJini/s  t/ctsa/ 
ft  Hi Uits  fii'CUtrAt'-- 
fclittntt 


Scnitt  retf  etllsi  e/ 

tntefmtiitc-iaftr<t. 

/nrc/. 


Sfii/iHij's  Sarrn/ 

n  u  c/^  us 


K  Flu.   J99.— DiAGKAM  Uf  GRF.Y  TltACt»  Uf   LOKD. 

tietiroes  so  regularly  arranged  that  they  form  veritable 
lular  or  vesicular  strands.  Of  these  the  best  marked  are  : 
The  tract  or  tracts  made  up  by  the  cells  of  the  anterior 
n  {Fig,  199),  which  practically  run  from  end  to  end  of  the 
1^  swell  out  in  the  cervical  and  lumbar  enlargements, 
Be  the  cells  are  very  numerous  and  of  f^teat  %\zh.  Vl^  jtV^ 
■r  in  diameter),  and  contract   to  a  Ibvu  l\vtca.4  xxv  xVt 
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thoracic  region,  where  they  are  relatively  few,  scattered,  and 
small.  (2)  Clarke's  co/i(m?i,  whose  cells  are  situated  at  the 
inner  side  of  the  root  of  the  posterior  horn  just  where  it 
joins  on  to  the  grey  cross-bar.  It  gradually  increases  in 
size  from  above  downwards,  usually  appearing  first  at  the 
level  of  the  seventh  or  eighth  cervical  nerve,  attaining  its 
maximum  development  at  the  eleventh  or  twelfth  dorsal  and 
disappearing  altogether^  as  a  continuous  strand,  at  the  level 
of  the  second  or  third  lumbar  nerves.  The  so-called 
cervical  and  sacral  nuclei  of  Stilling,  however,  occupy  the 
same  position  towards  the  upper  and  lower  ends  of  the 
cord,  and  may  be  looked  upon  as  isolated  portions  of 
Clarke's  column.  C3)  A  tract  called  the  inter mcdio-later at 
tract,  which  is  best  marked  in  the  thoracic  region,  but 
extends  also  down  into  the  lumbar  swelling  and  up  until  it 
blends  with  certain  cells  of  the  anterior  horn  of  the  cervical 
cord.  (4)  The  celh  of  the  posterior  horn  are  much  less  nume- 
rous and  smaller  than  those  of  the  anterior  horn.  Through- 
out the  whole  cord,  however,  two  small  groups  of  cells  may 
be  distinguished,  one  on  the  lateral  and  the  other  on  the 
mesial  side  of  the  isthmus  or  neck  of  the  horn  a  little  ia 
front  of  {i.e.,  ventral  to)  the  edges  of  the  substance  of 
Rolando. 

The  white  matter  of  the  cord  is  anatomically  divided  by 
the  position  of  the  nerve-roots  and  the  anterior  and  posterior 
fissures  into  three  columns  on  each  side:  the  anterior,  lateral, 
and  posterior  columns  (Plate  V.,  3).  The  first  two  are 
often  grouped  together  as  the  antero-lateral  column.  In 
the  cervical  region  it  may  be  seen  with  the  rnicroecope  that 
the  posterior  white  column  is  almost  bisected  by  a  septum 
running  in  from  the  pia  mater  towards  the  grej' commissure. 
The  inner  half  is  called  the  postero-median  column,  or 
column  of  Goll ;  the  outer  half  the  postero-external  column, 
or  column  of  Burdach  (Fig,  200).  No  localization  of  any 
of  the  other  conducting  paths  in  the  cord  is  possible  by 
anatomical  examination ;  but  by  means  of  the  develop- 
mental method  and  the  method  of  degeneration  the  columns 
of  Goll  and  Burdach  can  be  followed  throughout  the  cord, 
and  several  similar  areas  can  be  mapped  out.     We  shall 
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dy  mention  those  that  are  physiologically  the  most  im- 

LDt. 

Ulien  the  spinal  cord  is  divided,  and  the  animal  allowed 

to  sun'ive  for  a  time^  certain  tracts  are  picked  out  by  the 

egeneration  of  their  fibres,  although  in  every  degenerated 

_     ct  some  fibres  remain  unaffected.     We  may  distinguish 

tiie  tracts  that  degenerate  above  the  lesion  (ascending  de- 


Aatero-laieia) 

gTOuad'bundle 


FlllST  CSBVICAU 


Dia-ct  pyramidal 

Antrro-lateral.   aKefld- 
log  aod  descend  log 

—  Crossed  pyramidal 
Direct  cerebellar 


Postero-extemal  (Durdadi'sl 
rostero-oiedlan  (Coil's) 
Sixth  Dorsal.  Fourth  Lumbar. 


Frc  aoa— Diagrammatic  Sections  op  the  Spinal  Cord  to  show  the 
Tracts  or  White  Matter  at  DiFrKREST  Levels. 

generation)  from    those   that  degenerate  below  the  lesion 
(descending  degeneration). 

Ajceadin^  Tracts. — Above  the  lesion  degeneration  is  found 
both  in  the  posterior  and  the  antero-lateral  columns. 
Immediately  above  the  section  nearly  the  whole  of  the 
posterior  column  is  involved.  Higher  up  the  degeneration 
clears  away  from  Burdach*s  tract,  and,  shifting  inwards, 
comes  to  occupy  a  position  in  the  column  of  Coll.  In  the 
anlero-lateral  column  two  degenerated  regions  are  seen,  both 
at  the  surface  of  the  cord,  one  a  compact,  sicWe-sVvav^^i  "actft^ 
extending  forwards  from  the  neighbourhood  cA  vVvtXwvt  o\ 
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entrance  of  the  posterior  roots,  and  the  other  an  area  of 
scattered  defeneration,  embracing  many  intact  fibres,  and 
completing  the  outer  boundary  of  the  column  almost  to  the 
anterior  median  fissure.  The  compact  area  is  called  ihe 
direct  cerebellar  tract,  the  diffuse  area  the  anUro-laicral  ascend- 
ing tract,  or  trad  of  Gowers, 

DeBcending:  Tracts. — When  the  cord  is  divided,  say  in  the 
upper  dorsal  or  cervical  region,  the  following  tracts  de- 
generate below  the  lesion  : 

(i)  A  small  group  of  fibres  close  to  the  antero-median 
fissure,  which  has  received  the  name  of  the  direct  pyramidal 
tract — pyramidal,  because  higher  up  in  the  medulla  oblongata 
it  forms  part  of  the  pyramid;  direct,  because  it  does  not 
cross  over  at  the  decussation  of  the  pyramids,  but  continues 
down  on  the  same  side. 

(2)  A  tract  of  degenerated  fibres  in  the  posterior  part  of 
the  lateral  column.  This  is  the  lateral  or  crossed  pyramidal 
tract,  and  is  much  larger  than  the  direct.  In  the  medulla  it 
also  lies  within  the  pyramid,  but,  unlike  the  direct  pyramidal 
tract,  it  crosses  to  the  opposite  side  of  the  cord  at  the 
decussation. 

(3)  A  tract  of  scattered  degeneration  'overlapping  the 
tract  of  Gowers,  and  called  the  antcro-lateral  descending  tract. 

When  we  have  deducted  the  long  ascending  and  descend- 
ing tracts  which  have  been  described,  there  still  remains, 
both  in  the  anterior  and  in  the  lateral  column,  a  balance  of 
white  matter  unaccounted  for.  This  white  substance,  which 
does  not  degenerate  for  any  great  distance  either  above  or 
below  a  lesion,  is  called  the  antcro-lateral  ground-bundle,  and 
lies  chiefly  in  the  form  of  an  incomplete  ring  around  the 
anterior  cornu.  It  is  believed  to  consist  of  fibres  which  run 
only  a  comparatively  short  course  in  the  cord,  and  serve  to 
connect  nerve-cells  at  different  levels. 

The  next  question  which  arises  is:  How  arc  the  long 
tracts  connected  below,  i,e,,  with  the  periphery,  and  above, 
i.e.,  with  the  higher  parts  of  the  central  nervous  system? 
The  answer  to  this  question,  partly  derived  from  clinical 
records  and  partly  from  experimental  results,  is  in  the  case 
of  some  of  the  tracts  unexpectedly  full  ami  minute,  though 
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meagre  in  regard  to  others.     But  to  render  it  intelligible  it 
is  necessary,  first  of  all,  to  describe  brieHy — 

The  Arrangement  of  the  Grey  and  White  Hatter  in  the  Upper 
Portion  of  the  Cerebro-splnal  Axis. — In  the  medulla  oblongata 
the  grey  and  white  matter  of  the  spinal  cord  is  rearranged, 
and,  in  addition,  new  strands  of  fibres  and  new  nuclei  of 
grey  substance  make  their  appearance.  Of  these  nuclei  the 
most  conspicuous  is  the  dentate  nucleus  of  the  inferior  oUve, 
which,  covered  by  a  crust  of  white  fibres,  appears  as  a  pro- 
jection on  the  antero-lateral  surface  of  the  medulla.  In 
front  of  the  olive,  between  it  and  the  continuation  of  the 
anterior  median  fissure,  is  another  projection,  the  pyramid, 
which  looks  like  a  pro- 
longation of  the  anterior 
column  of  the  cord,  but  is 
made  up  of  verj^  different 
constituents.  Dorsal  to 
the  olive  is  the  restiform 
body  or  inferior  peduncle 
of  the  cerebellum,  and 
behind  the  restiform  body 
lie  two  thin  columns,  the 
funiculus  cuneatus,  which 
contmues  the  postero-e.\- 
ternal  column  of  the  cord, 
and  the  funiculus  gracilis, 
which  continues  the  pos- 
tero-internal  column.  In 
these  funiculi  are  developed  respectively  the  nucleus  cuneatUs 
and  the  nucleus  gracilis.  The  rearrangement  of  the  consti- 
tuents of  the  cord  is  due  mainly  to  two  causes:  (i)  The 
opening  up  of  the  central  canal  to  form  the  fourth  ventricle, 
and  the  folding  out,  on  either  side,  of  the  grey  matter  which 
lies  posterior  to  it  in  the  cord  :  (2)  the  breaking  up  of  the 
grey  matter  of  the  anterior  horn  by  strands  of  fibres  as  they 
sweep  through  it  from  the  lateral  pyramidal  tract  to  take  up 
a  position  in  the  pyramid  of  the  opposite  side  (decussation 
of  the  pyramids). 

The   cerebro-spinal    axis    passes    up   from   the   medulla 


Fig.  sot.— DiAr;HAMMATir  '1'ransvcuse 
Section  of  Medulla  Orlongata. 

ii,  nucleus  Kradlis;  b,  nadeus  cuneatus; 
f.  arcuate  fibres  crossing  the  middle  Hoe  rrom 
a  aoiJ  h  to  the  fiUct,  d :  t,  ftnlerior  median 

fissure. 
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through  the  pons,  encircled  and  traversed  by  its  transverse 
fibres  of  the  middle  cerebellar  peduncle  or  commissure,  which 
enclose  everywhere  between  them  numerous  collections  of 
nerve-cells  (nuclei   pontis).     Enlarged  by  the  accession    of 
many  of  these  fibres  which  come   from  the  cortex  of  the 
cerebellum  on  the  opposite  side,  as  well  as  of  Bbres  from  the 
nuclei  of  the  cranial  nerves  that  take  orig:in  in  this  neigh- 
bourhood (fifth  and  eighth),  the  central  nervous  stem  bifur 
cates  above  the  pons  into  the  two  diverging  crura  cerebri. 
From  each  crus  a  great  sheet  of  fibres  passes  up  between  the 
optic  thalamus  and  the  caudate  nucleus  of  the  corpus  stria- 
tum on  the  one  hand,  and  the  globus  pallidus  of  the  lenticular 
nucleus  on  the  other,  as  the  internal  capsule,  from  which  they 
are  dispersed,  in  the  corona  radiata,  to  the  cerebral  cortex. 
Both  in  the  upper  part  of  the  pons  and  in  the  crus  a  ventral 
portion,  or  crusta,  containing  the  fibres  of  the  pjTamidal 
tract,  and   a   dorsal   portion,   or   tegmentum,   can    be   dis- 
tinguished, the  line  of  separation  being  marked  in  the  crus 
by  a  collection  of  grey  matter,  called  from  its  usual,  though 
not  invariable,   colour  the  substantia   nigra  (Fig.  203).     A 
portion   of   the   tegmentum   is   continued  below   the   optic 
thalamus. 

Coming  back  now  to  our  question  as  to  the  connections 
of  the  long  tracts  of  the  cord,  let  us  consider,  first  of  all. 

The  Connections  of  the  Fostero -median  and  Foitero-eztemal 
Columns. — When  a  single  posterior  root  is  divided,  say  in  the 
dorsal  region,  between  the  cord  and  the  ganglion,  its  fibres^ 
as  we  have  already  seen  (p.  5J5),  degenerate  above  the 
section.  If  a  series  of  microscopic  sections  of  the  spinal 
cord  be  made,  well-marked  degeneration  will  be  found  ai 
the  level  of  entrance  of  the  root  on  the  same  side  of  the 
cord,  while  below  that  level  there  will  be  few.  if  any, 
degenerated  fibres.  Immediately  above  the  plane  of  the 
divided  root  the  degeneration  will  be  confined  to  Burdach's 
column  and  to  its  external  border.  Higher  up  it  will  be 
found  in  the  internal  portion  of  Burdach's  and  the  external 
rim  of  GoU's  column.  Still  higher  up  the  degenerated  fibres 
will  be  confined  to  the  postero-median  column  ;  the  postero- 
external will  be  entirely  free  from  degeneration. 
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When  a  number  of  consecutire  posterior  roots  are  cut,  the  whole 
^  tlie  postero-extemal  column  in  the  sections  immediately  above  the 
of  the  dindcd  roots  will  be  found  occupied  by  degenerated 
while  (ioirs  column  may  be  free  from  degeneration,  or  de- 
led only  at  its  outer  border.     Higher  up  degeneration  will  be 
to  have  involved   the  whole 
|of  the  postero-mcdian  column,  and  ,        V'iy   ' 

Ito  have  cleared  away  altogether  from  fc'    *^'.!^'^ 

[tte  posteroexternal.     The  degenera-  v 

in  the  column  of  Goll  may  be  y^ 

'  along  the  whole  length  of  the  .^ 

ord  to  the  medulla.     The  meaning 
all    this  13  clear.     Many  of  the 
ior    root-6bres  after   entering 
She  cord  pass  up  for  a  short  distance 
the    postero  -  external    column, 
ireeping    obliquely    through    it    to 
tin  the  tract  of  cioll.     In  this  tract 
bey  run   right  on   to   the  medulla 
^longata,  to  end  in  a  collection  of 
rey  matter  of  the  nucleus  gracilis, 
^hcn    the   cervical    posterior    roots 
cut,  many   of  the   degenerated 
retnain  in  Burdach's  column 
to  the  medulla,  where  they  make 
unction  with  the  nucleus  cuneatus. 

the   posterior  column,  then,  the   fibres  of  the   posterior   roots 

jtch  do  not  suffer  interruption  in  nerve-cells  in  the  spinal  cord  are 

ranged  in  layers,  the  fibres  from  the  lower  roots  being  nearest  the 

ledian  fissure,  and  those  from  the  higher  roots  farthest  away  from 

Section  of  the  posterior  roots  causes  no  degeneration  in  any  long 

"  1  dsewhere  than  in  the  columns  of  Goll  and  Burdach- 

We  may,  therefore,  conclude  without  hesitation  that  some 
if  the  fibres  of  the  posterior  roots  ascend  to  the  medulla  in 
le  posterior  column  of  the  cord  without  making  junction 
itb  any  cells  until  they  reach  the  gracile  and  cuneate 
ftuclei,  where  they  end  by  breaking  up  into  terminal  brushes 
bf  fibrils  or  dendrites.  The  trophic  cells  of  these  fibres  lie, 
>r  the  most  part  at  any  rate,  in  the  posterior  root-ganglia. 
But  if  the  statement  be  accepted  that  some  fibres  degenerate 
in  the  central  stump  of  the  root  when  it  is  cut  below  the 
ganglion,  we  must  admit  that  a  few  of  the  fibres  in  the 
ascending  tract  of  the  posterior  column  may  have  their 
trophic  centres  nearer  the  periphery. 

CcnaectJona  of  the  Direct  Cerebellar  Tract. — S'\u^t  xVt  ^m^c\ 
cerebellar  tract  does  not   degenerate  aCtet  secuo^  oV  ^^!* 


^ 


Fig     9oa.  —  FosTCRiOR     Roots 

CNTKKIXG  bf>lNAL  CORO  (At  ibc  left 
of  the  figure).  (From  ■  prrporatioD 
tiaua«d  wiib  aniltoe  blue-black. } 
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posterior  nen'e-roots,  but  does  degenerate  above  the  level 
of  the  lesion  after  section  of  the  spinal  cord,  its  trophic  cells 
must  be  situated  somewhere  or  other  in  the  cord.  Now, 
the  cells  of  the  anterior  horn  are  known,  in  great  part  at  any 
rate,  to  be  connected  with  other  tracts,  so  that  there  are  left 
over,  to  all  intents  and  purposes,  only  the  scattered  cells  of 
the  posterior  horn  and  the  vesicular  column  of  Clarke  Now, 
it  has  been  observed  that  the  column  of  Clarke  first  becomes 
prominent  in  the  lower  dorsal  region,  and  that  in  this  same 
region  the  direct  cerebellar  tract  begins.  Further,  axis- 
cylinder  processes  may  be  seen  sweeping  out  from  Clarke's 
column  in  the  direction  of  the  direct  cerebellar  tract,  and 
although,  in  all  probability,  nobody  has  as  yet  been  able 
definitely  to  follow  any  of  those  axis-cylinder  processes  into 
fibres  of  the  tract,  the  evidence  when  put  together  is  pretty 
strong  that  the  cells  of  Clarke's  column,  or  some  of  them 
at  least,  are  their  trophic  cells.  The  tract  runs  right  up  to 
the  cerebellum  through  the  restiform  body,  without  crossing 
and  without  being  further  interrupted  by  nerve-cells.  The 
fibres  of  the  restiform  body  end  partly  in  the  dentate  nucleus 
of  the  cerebellum,  partly  in  the  vermis. 

Connections  of  the  Autero-lateral  Aicending  Tract. — It  is  not 
known  with  any  certainty  with  what  cells  in  the  spinal  cord 
this  tract  is  connected.  All  we  can  say  is  that  none  of  its 
fibres  can  come  directly  from  the  posterior  nerve-roots, 
since  no  degeneration  is  seen  in  the  tract  on  section  of  the 
roots  alone. 

It  passes  up  through  the  medulla,  where  it  perhaps  makes  junction 
with  the  cells  of  the  lateral  nucleus,  a  collection  of  grey  matter  in  the 
lateral  portion  of  the  spinal  bulb.  Thence  through  the  formatio 
reticularis  it  is  supposed  to  reach  the  pons,  and.  turning  back  through 
the  superior  peduncle,  ends  in  the  cerebellum. 

The  formatio  reticularis  is  the  mosaic  of  grey  and  white  matter 
formed  in  the  medulla  by  the  interlacing  of  longitudinal  and  trans- 
verse fibres  with  each  other  and  with  the  relics  of  the  grey  matter  o( 
the  anterior  horn.  Its  longitudinal  fibres  are  derived  from  the  fillet 
and  from  the  remains  of  the  anterior  and  lateral  columns  after  the 
direct  and  crossed  pyramidal  tracts  have  taken  up  their  position 
in  the  pyramid  and  the  direct  cerebellar  tract  has  passed  into  the 
restiform  body.  The  anterolateral  ascending  tract  seems  lo  pass 
bodily  into  the  formatio  reticularis  and  to  form  part  of  its  longitudinal 
fibres.     The  transverse  fibres  sweep  in  bold  curves  towards  the  raphe 
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,  fTom  the  gracile  and  cuneMc  nuclei  and  the  dentate  nucleus  of  the 
[olive.  The  reticular  formation  occupies  the  whole  of  the  anterior  and 
Ibterai  portions  of  the  medulla  behind  the  pyramids  and  olivary 
Ibodies,  and  is  continued  upwards  in  the  dorsal  portion  of  the  pons 
[and  crura. 

Through  the  gracile  and  cuneate  nuclei,  but  particolarly 

[the  latter,  the  postero-internal  and  post  ero- extern  a  I  columns 

I  of  the  cord  are  further  connected  on  the  one  hand  with  the 

'cerebellar  cortex  by  fibres  passing  up  in  the  restiform  body 

ofthe  same  side,  and  on  the  other  hand  with  the  fillet  by 


Fig.   X>3.  — DlAGHAMMATIC   TkANftVKKkK  ^CCIIU.N   Uf   CkUMA  CEMKBMI   AMD 
AQilEDL'CT  OF  SVLVIVS. 

tf.  anterior  corpora  quadiieeminn  ;  A.  aqueduct:  e,  red  nucleos ;  (t,  fillet;  e,  tub- 
stantta  nigm; /,  pyri<midfll  intct  in  the  crusta  of  the  crura  crrtfbri ;  g.  librvs  (rom 
(ronul  lobe  of  cerebrum  :  A.  fibres  from  lemporo^occipiral  lobe  ;  i,  pofiterior  loogl- 
ludfnal  buDdle. 

fibres  which  sweep  in  wide  arches  (internal  arcuate  fibres) 
across  the  mesial  raphe  to  the  opposite  side.  The  fillet  is  a 
well-marked  bundle  which  is  formed  from  those  fibres  and  lies 
immediately  behind  the  pyramid.  Receiving  fibres  frpm 
other  sources  on  its  way,  and  giving  off  at  least  one  strand  to 
the  cerebellum,  it  runs  upwards  in  the  dorsal  or  tegmental 
portion  of  the  pons  and  crura  cerebri,  posterior  to  the 
forrnatio  reticularis,  with  the  longitudinal  fibres  of  which  it 
blends  in  the  region  below  the  optic  thalamus.  One  well- 
marked  strand  of  these  Jongitudinal  fibres  Teee\Ne^\.^tTV^\ut 
of  the  posterior  hnsitadingii  bundle  (.Fig.  zo^V    Ytovft.  >^«' 
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sub-thalamic  region  fibres  stream  out  in  all  directions  to  join 
the  corona  radiata  for  distribution  to  the  cerebral  cortex. 

CoELneotiona  of  the  Pyramidal  Tracts. — When  the  cortex 
around  the  lissure  of  Rolando  is  destroyed  by  disease  in 
man,  or  removed  by  operation  in  animals,  it  is  found  that  in 
a  short  time  degeneration  has  taken  place  in  the  fibres  of  the 
corona  radiata  which  pass  off  from  this  area.  The  degenera- 
tion can  be  followed  down  through  the  genu  and  the  anterior 
two-thirds  of  the  posterior  limb  of  the  internal  capsule 
(Fig.  204),  and  the  crusta  of  the  cerebral  peduncle  of  the 
corresponding  side  into  the  medulla  oblongata.  Below  the 
decussation  of  the  pyramids  it  is  found  that  the  degenera- 
tion has  involved  the  two  pyramidal  tracts,  and  only  these — 
the  crossed  pyramidal  tract  on  the  side  opposite  the  cortical 
jlesion,  the  direct  pyramidal  tract  on  the  same  side — and 
that  the  cross-section  of  the  two  degenerated  tracts  goes 
on  continually  diminishing  as  we  pass  down  the  cord.  (We 
overlook,  for  the  moment,  in  the  interest  of  simplicity  of 
statement,  the  fact  that  in  the  monkey,  at  any  rate,  some 
degenerated  fibres  may  be  found  in  the  crossed  pyramidal 
tract  on  the  same  side  as  the  lesion.)  This  is  proof  positive 
that  the  trophic  cells  of  these  tracts  are  situated  in  the 
cerebral  cortex.  The  fact  that  the  degeneration  does  not 
spread  to  the  anterior  roots  is  proof  probable  that  nerve- 
cells  intervene  between  the  pyramidal  fibres  and  the  root- 
fibres.  The  results  both  of  normal  and  morbid  histology 
complete  the  proof,  and  enable  us  to  identify  the  cells  of  the 
anterior  horn  as  the  cells  in  question.     For 

(i)  Axis-cylinder  processes  have  been  actually  observed 
passing  out  from  certain  of  the  so-called  motor  cells  of  the 
anterior  horn  to  become  the  axis-cylinders  of  fibres  of  the 
anterior  root. 

(2)  The  only  cells  which  are  left  after  we  deduct  the 
scattered  cells  of  the  posterior  horn  and  the  cells  of  Clarke's 
column,  which  are  believed  to  have  other  connections,  art' 
the  cells  of  the  anterior  cornu. 

(3)  An  enumeration  has  been  made  in  a  small  animal 
(frog)  of  the  cells  of  the  anterior  horn  and  of  the  anterior 
root-fibres,  and  it  has  been  found  that  the  numbers  agree  in 
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a  remarkable  manner.  From  all  this  it  cannot  be  doubted 
that  most,  at  any  rate,  of  the  cells  of  the  anterior  horn  are 
connected  with  fibres  of  the  anterior  root.  But  since  the 
number  of  fibres  in  the  pyramidal  tracts  falls  far  short  of 
the  number  of  cells  in  the  anterior  horn,  and  of  the  number 
of  fibres  in  the  anterior  roots,  it  is  necessary  to  assume  that 
one  pyramidal  fibre  may  be  connected  with  several  cells. 

(4)  In  the  pathological  condition  known  as  anterior 
poliomyelitis,  the  cells  of  the  anterior  horn  degenerate,  and 
so  do  the  anterior  roots  of  the  afi'ected  region,  the  motor  fibres 
of  the  spinal  ner\'es,  and  the  muscles  supplied  by  them. 

Connectiosa  of  the  Antero-Uteral  Descending  Tract. — Degenera- 
lion  is  caused  in  ihis  tr.ict  by  a  lesion  in  the  cerebellum  on  the  same 
side.  The  degeneration  lessens  as  we  pass  down  the  cord-  From 
this  we  conclude  that  ihc  trophic  cells  of  theantero-lateral  descending 
tract  He  in  the  cerebellum.  It  is  said  that  some  degenerated  fibres 
are  found  in  the  anterior  roots.  This  would  point  to  a  direct  con- 
nection between  the  cortex  of  the  cerebellum  and  the  motor  nerves, 
but  the  matter  cannot  as  yet  be  considered  beyond  the  pale  of 
controversy.  The  descending  antero-laleral  tract  passes  down  from 
the  cerebellum  in  the  restiform  body. 

Thus  far,  then,  we  have  been  able  to  map  out  two  great 
paths  from  the  cerebral  cortex  to  the  periphery,  one  efferent, 
the  other  afferent. 

(i)  The  great  eflferent  or  motor  path,  which,  starting  in  the 
cortex  around  the  fissure  of  Rolando,  sweeps  down  the  broad 
fan  of  the  corona  radiata,  passes  through  the  narrow 
isthmus  of  the  posterior  limb  of  the  internal  capsule  into 
the  crusta  of  the  crus  cerebri,  and  thence  into  the  pyramid 
of  the  bulb.  Here  the  greater  part  (usually  about  90  per 
cent.)  of  the  fibres  decussate,  appearing  in  the  cervical  cord 
as  the  massive  crossed  pyramidal  tract  of  the  opposite  side. 
A  few  (usually  about  10  per  cent.)  continue  on  the  same  side 
as  the  slender  direct  pyramidal  tract ;  but  the  breadth  of  this 
tract  constantly  diminishes  as  its  fibres  continue  to  decussate 
across  the  anterior  white  commissure,  and  to  reinforce  the 
crossed  tract  of  the  opposite  side.  The  fibres  of  this  crossed 
tract  are,  in  their  turn,  continually  passing  off  into  the  grey 
matter  of  the  anterior  horn,  where  they  break  up  into  fibrils 
or  dendrites,  and  thus  make  connection  (physiolog;ical  v(  tvcix 
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anatomical)  with  the  fine  nerve-plexus  in  the  vicinity  of  the 
cells,  whose  axis-cylinder  processes  enter  the  anterior  roots 
of  the  spinal  nerves.  The  losses  which  it  suffers  as  it  passes 
along  the  cord  may  be  partly  compensated  by  the  bifurcation 
of  some  of  its  fibres  (geminal  fibres),  but  ultimately  the  whole 
tract  makes  junction  with  the  grey  matter,  and  dwindles 
away  as  the  lumbar  region  is  reached  <Fig.  200).  It  has  been 
asserted  that  on  their  way  down  the  cord  the  two  crossed 
pyramidal  tracts  exchange  some  fibres  with  each  other 
(recrossed  fibres) ;  and  it  was  supposed  that  this  would 
explain  the  escape  in  hemiplegia  (paralysis  of  one  side  of 
the  body)  of  those  muscles  which  are  accustomed  to  work 
with  the  corresponding  muscles  on  the  opposite  side.  But 
although  there  is  no  doubt  that  such  muscles  are  innervated 
to  some  extent  from  both  cerebral  hemispheres,  it  is  more 
probable  that  this  is  due  to  uncrossed  than  to  recrossed  fibres. 

(2)  A  ^eat  afferent  or  sensory  path  by  which  some,  at  least, 
of  the  impulses  carried  up  through  the  posterior  roots  of  the 
spinal  nerves,  after  passing  through  various  relays  of  nerve- 
cells,  reach  the  cortex  of  the  cerebellum ;  or  the  upper 
portions  of  the  central  grey  tube,  the  corpora  quadrigemina 
and  optic  thalamus;  or,  finally  (both  indirectly  and  by  a 
more  direct  route  which  certain  fibres  of  the  fillet  and  the 
formatio  reticularis  follow  through  the  tegmentum  and  the 
posterior  limb  of  the  internal  capsule  behind  the  motor 
fibres),  the  cerebral  cortex  itself. 

The  efferent  path  from  the  cortex  of  the  brain  is  broken 
by  but  one  relay  of  nerve-cells,  the  motor  cells  of  the 
anterior  horn.  The  afferent  path  is  interrupted  by  at  leasr 
two  relays,  one  in  the  ganglion  on  the  posterior  root,  another 
in  the  medulla ;  and  on  some  of  the  routes  perhaps  another, 
or  even  more  than  one,  between  the  medulla  and  the  cortex. 

Numerous  as  are  the  nervous  ties  of  the  cerebral  cortex, 
those  of  the  grey  matter  of  the  cerebellum  are.  in  proportion 
to  its  mass,  still  more  extensive,  and  perhaps  not  less  im- 
portant. But  since  our  knowledge  of  the  cerebellum  is  even 
less  complete  than  our  knowledge  of  the  cerebrum,  it  will 
be  sufficient  to  indicate  in  the  forn»  of  a  summary  the  chief 
paths  by  which  impulses  may  enter  and  leave  it. 
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ConnectioBii  of  the  Grey  Matter  of  the  Cerebellum  with  the 
Periphery  and  other  parts  of  the  Central  Nervous  System. — ( 1 )  I'he 
dentate  nucleus  and  the  grey  mailer  of  the  worm  are  connected  with  the 
periphery  through  the  restifonn  body:  {a)  By  an  afferent  path  mostly 
uncrossed — through  the  rcsliforra  body  and  the  direct  cerebellar  tract 
— with  tworela>*son  it:  one  in  Clarke's  column,  the  other  in  the  spinal 
ganglion.  0)  By  an  afferent  path— rest iforra  body  and  the  posterior 
column  of  both  sides  01  the  cord — through  the  relays  of  the  gracile 
and  cuneate  nuclei  and  the  posterior  root  ganglion,  (t)  By  a  com- 
missural path — resliform  body,  inferior  olive  of  opposite  side,  and 
fonnatio  reticularis  of  bulb,  pons  and  crus — with  the  cerebral  cortex. 

{2)  The  grey  matter  of  the  worm  is  connected  with  the  pcripher>' 
by  an  afferent  path — superior  peduncle  of  the  cerebellum,  formatio 
reticularis  of  the  pons  and  medulla^  antero-lateral  ascending  tract  of 
the  spinal  cord  (?). 

<3)  When  we  add  that  the  dentate  nucleus  is  Unked  through  the 
superior  peduncle  of  the  cerebellum  with  the  red  nucleus  of  the 
tegmentum  of  the  crus  cerebri  on  the  opposite  side,  and  thus  with 
llie  cortex  of  the  opposite  cerebral  hemisphere,  it  will  l>e  seen  that 
the  path  by  the  resliform  body,  dentate  nucleus,  and  superior  peduncle, 
may  form  an  alternative  route  for  afferent  impressions  passing  from 
the  periphery  to  the  great  brain — a  path  broken  by  at  least  four  relays 
of  nerve-cells. 

(4)  Further,  a  broad  tract  runs  from  the  cerebellar  to  the  cerebral 
cortex  of  the  opposite  side  through  the  middle  peduncle  and  the 
relay  of  the  pontine  grey  matter. 

(5)  An  uncrossed  connection  also  exists  between  the  cerebellum 
and  the  vestibular  branch  of  the  auditory  nen-e,  through  one  of  its 
nuclei  of  origin,  and  possibly  between  it  and  other  cranial  nerves,  such 
as  the  optic  and  trigeminal. 

(6)  The  cerebellar  cortex  may  be  connected  by  an  efferent  path 
through  the  restiforni  body  and  the  descending  antero-lateral  tract 
with  the  motor  roots  of  the  same  side. 

The  Internal  Capsule. — We  must  now  learn  that  the  in- 
ternal capsule  embraces  other  fibres  than  those  which 
pass  down  into  the  spinal  cord  as  the  pyramidal  tracts, 
and  up  from  it  as  the  afferent  tegmental  path.  In  the  Jirst 
place,  it  contains  numerous  fibres  running  from  the  Rolandic 
area,  and  destined  to  make  connection  with  the  motor  nuclei 
of  the  cranial  nerves  in  the  grey  matter  underlying  the 
aqueduct  of  Sylvius  and  the  fourth  ventricle. 

The  cranial  and  spinal  fibres,  indeed,  form  but  one  com- 
pact bundle  (pyramidal  tract)  in  their  passage  through  the 
corona  radiata  and  internal  capsule,  the  knee  of  which  is 
occupied  by  the  former,  the  posterior  limb  by  the  latter^ 
and  may  be  followed  as  a  distinct  strand  through  the  middle 
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of  the  crusta  into  the  pons.     Here  the  fibres  for  the  naclei 
of  the  cranial  nerves  decussate. 

But  we  have  not  yet  exhausted  the  constituents  of  the 
internal  capsule.  Two  great  cones  of  fibres  sweep  down 
into  it,  one  from  the  frontal,  the  other  from  the  occipital 
and  temporal  portions  of  the  cerebral  cortex.  The  first 
passes  through  its  anterior  limb,  the  second  behind  the 
sensory  path  in  its  posterior  limb.     Running  on  through  the 


Fig.  304— Djagkammatic  Hoki/.umai.  .sk<  riuN  iip  Leh"  Hal»  uk  Brain  Tt> 

SHOW   INIXXNAL  CAPSVLC 

crusta  of  the  cerebral  peduncle  (Fig.  203),  the  frontal  trad 
internal,  the  occipito-temporal  external,  they  end  in  the  grey 
matter  of  the  pons,  and  probably  ser\'e  as  one  segment  of  an 
extensive  commissural  connection  between  the  cerebral  and 
the  cerebellar  cortex  of  the  opposite  side,  the  other  segment 
being  formed  by  fibres  which  reach  the  pons  through  the 
middle  cerebellar  peduncle.  Although  their  further  con- 
nections are  unknown,  it  is  evident  that  the  junction  of  the 
cerebral  cortex  with  this  pontine  grey  matter,  through  and 
into  which  so  many  nerve-tracts  pass,  multiplies  the  number 
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of  possible  routes  by  which  impulses  may  travel  between  one 
part  of  the  brain  and  another.  The  pons  itself  is  to  a  large 
extent  a  great  transverse  commissure  between  the  two  halves 
of  the  cerebellum,  as  the  corpus  callosum  is  between  the  two 
cerebral  hemispheres.  And  intertwined  in  the  corona  radiata 
with  the  callosal  fibres  are  other  commissural  systems,  of 
which  it  is  especially  necessary  to  mention  the  fibres  which 
link  nearly  every  part  of  the  cerebral  cortex  with  the  optic 
thalamus.  These  fibres  pass  from  the  frontal  and  parietal 
regions  through  the  anterior,  and  from  the  occipital  region 
through  the  posterior  border  of  the  internal  capsule,  those 
from  the  occipital  cortex  forming  what  is  called  the  optic 
radiation.  The  thalamus  is  also  connected  with  the  cortex 
of  the  temporal  lobe,  with  the  cerebellum,  and  through  the 
fillet  with  the  posterior  part  of  the  tegmental  system,  the 
medulla  oblongata  and  the  spina!  cord. 

We  have  purposely  omitted  to  enumerate  many  other 
paths  by  which  the  various  tracts  of  grey  matter  in  the  brain 
are  brought  into  communication  with  each  other,  and  our 
knowledge  of  such  connections  is  constantly  augmenting. 
When  we  add  that  not  only  are  the  cerebral  hemispheres 
united  by  many  ties  to  the  subordinate  portions  of  the 
cerebro-splnal  axis  and  to  each  other,  but  that  cortical  areas 
of  one  and  the  same  hemisphere  are  in  communication 
by  short  connecting  loops  of  *  association  *  fibres,  it  will  be 
seen  that  the  linkage  of  the  various  parts  of  the  central 
nervous  system  is  extremely  complex ;  that  an  excitation, 
blocked  out  from  one  path,  may  have  the  choice  of  many 
alternative  routes;  and  that  the  apparent  simplicity  and 
isolation  of  the  pyramidal  tracts  must  not  be  allowed  too  far 
to  govern  our  views  of  the  possibilities  open  to  a  nervous 
impulse  once  it  has  been  set  going  in  the  labyrinth  of  the 
nervous  network.  Nor  is  it  only  by  the  white  fibres  that 
nervous  impulses  can  be  conducted.  There  is  the  clearest 
evidence  that  they  can  also  spread  along  continuous  sheets 
of  grey  matter;  and  the  actual  route  taken  by  a  given 
impulse  is,  in  all  probability,  determined,  under  certain  cir- 
cumstances at  least,  as  much  by  molecular  conditions  as  by 
anatomical  relations;  so  that  a  road  o^n.  at  out  v^ovcvtiNxv 
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may  be  closed  at  another.  We  may  suppose  that  the 
greater  the  number  of  connections  between  the  cells  of  the 
central  nervous  system,  the  greater  is  the  complexity  of 
the  processes  which  may  be  carried  on  within  it-  And, 
indeed,  comparison  of  the  brains  of  different  animals  shows 
us  that  it  is  not  so  much  by  excess  in  the  quantity  of  grey 
matter  as  by  the  increased  complexity  of  linkage,  that  a 
highly  developed  brain  differs  from  a  brain  of  lower  type ; 
the  higher  the  brain,  the  smaller  is  the  proportion  of  grey 
to  white  substance. 

n.  Fanctioas  of  the  Central  Nerrons  SysteoL 

Much  of  our  knowledge  of  the  functions  of  the  central 

nervous  system  and  of  its  divisions  has  been  gained  by  the 
removal  or  destruction  of  more  or  less  extensive  tracts  of 
nervous  substance,  or  the  cutting  off  of  connection  between 
one  part  and  another.  But  it  is  well  to  warn  the  reader  at 
the  verj'  outset  that  in  no  other  part  of  physiology*  is  such 
caution  required  in  making  deductions  as  to  the  working 
of  the  intact  mechanism  from  the  phenomena  which  mani- 
fest  themselves  after  such  lesions.  In  the  first  place,  every 
operation  of  any  magnitude  on  the  brain  or  cord  is  imme- 
diately followed  by  a  depression  of  the  functional  power  of 
the  nervous  tissue,  a  depression  which  may  extend  far  from 
the  actual  seat  of  injury  and  manifest  itself  by  various 
phenomena,  which  are  grouped  together  under  the  name  of 
'shock.*  Thus,  when  the  spinal  cord  of  a  dog  is  divided, 
e.^.,  in  the  dorsal  region,  all  power,  all  vitality  one  might 
almost  say,  seems  to  be  for  ever  gone  from  the  portion  of 
the  body  below  the  level  of  the  section.  The  legs  hang  limp 
and  useless.  Pinching  or  tickling  them  calls  forth  no  reflex 
movements.  The  vaso-motor  tone  is  destroyed,  and  the 
vessels  gorged  with  blood.  The  urine  accumulates,  overfills 
the  paralysed  bladder,  and  continually  dribbles  away  from 
it.  The  sphincter  of  the  anus  has  lost  its  tone,  and  the 
faeces  escape  involuntarily.  And  if  we  were  to  continue  our 
observations  only  for  a  short  time,  a  few  hours  or  days,  we 
should  be  apt  to  appraise  at  a  verj'  low  value  the  functions 
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part  of  the  cord  which  stiB  reaniiis  m. 
lith  the  paralyzed  extremities.    Bat  these  syuptoms  are 
essentially  temporan-.     They  are  the  resite  of  sbodc ;  they 
'  are  oot  true  '  deficiency  *  phenomcfka.    And  if  we  wait  for  a 
?i  we  shall  find  that  this  torpor  of  the  lower  dorsal  and 
ambar  cord  is  far  from  giving  a  true  picture  of  its  Dormal 
ite;  that,  cut  off  as  it  is  from  the  inlloence  of  the  brain, 
is  still  endowed  with  marvenoas  powers.     If  we  wait  long 
[enough,  we  shall  see  that,  althoogh  volantaiy  motioo  never 
etums.  reflex  movemctits  of  tbe  hind-limbs,  complex  and 
>-ordinated  to  a  high  degree,  are  readily  induced.     Vaso- 
lotor  tone  comes  back.     The  functions  of  defecation  and 
licturition  are  normally  performed.     Erection  of  the  penis 
\A  ejaculation  of  tbe  semen  take  place  in  a  dog.    Pregnancy 
]irried  on  to  labour  at  full  term  has  been  observed  in  a  bitch 
whose  cord  was  completely  divided  above  the  Inmbar  en- 
irgement. 
Secondly,  we  must  not  run  into  the  opposite  error,  and 
sume,  without  proof,  that  alt  the  powers  which  the  brain 
cord  is  capable  of  manifesting  under  abnormal  circum- 
ices  are  actually  exercised  by  either  when,  under  ordinary 
tions,  it  is  working  along  with  and  guiding,  or  being 
lided   by,  the  other.     For  example,  the  reflex  powers  of 
cord  are  certainly,  if  not  increased,  at  all  events  more 
ly  exercised  when  the  controlling  influence  of  the  higher 
itres   has  been  cut  off  than  when   the   central   ner\'ous 
irstcm  is  intact. 

Thirdly,  there  is  another  class  of  phenomena  which  we 
inst  make  allowance  for,  and  perhaps  more  frequently  in 
the  case  of  pathological  lesions  in  man  than  in  experimental 
lesions  in  the  lower  animals.  This  is  the  class  of  '  irrita- 
tive *  phenomena.  The  irritation  set  up  by  a  blood-clot  or 
a  collection  of  pus,  or  in  any  other  way,  in  a  wound  of  the 
grey  or  white  matter,  may  cause  a  stimulation  of  nervous 
tracts  by  which,  for  a  time,  the  'deficiency'  effects  of  the 
■lesion  may  be  masked. 

P    In  the  fourth  place,  we  must  not  hastily  conclude  thai 
when  no  obvious  deficiency  seems  to  foWow  iVve  TercvoN^  c\ 
a  port/on  of  the  central  nervous  system,  the  lut\t\Xox\  o^ 
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that  portion  must  necessarily  be  of  such  a  nature  as  to  give 
rise  to  no  objective  signs.  For  we  have  reason  to  believe 
that,  to  a  certain  extent,  the  function  of  one  part  may,  in 
its  absence,  be  vicariously  performed  by  another. 

Bearing  in  mind  the  cautions  we  have  just  been  empha- 
sizing, we  may  broadly  distinguish  between  the  functions  of 
the  cord  (including  the  bulb)  and  those  of  the  brain  proper 
by  saying  that  the  cord  is  essentially  the  seat  of  reflex 
actions,  the  brain  the  seat  of  automatic  actions  and  con- 
scious processes.  But  neither  of  these  conceptions  is 
entirely  correct.  Both  err  by  defect  and  by  excess.  The 
brain,  it  is  true,  is  pre-eminently  automatic.  The  move- 
ments which  are  started  in  the  grey  matter  of  the  cerebral 
cortex  are  pre-eminently  voluntary  (p.  654),  but  we  cannot 
deny  to  the  brain  the  possession  of  reflex  powers  as  well. 
The  movements  in  which  the  only  nerve  centres  con- 
cerned are  those  of  the  spinal  cord  are  above  all  reflex 
(p.  622).  But  some  of  its  centres,  and  especially  those 
lying  in  the  medulla — for  example,  the  respiratory  centre — 
are  perhaps,  much  as  they  are  influenced  by  afferent  im- 
pulses, capable  of  discharging  automatic  impulses  too. 
And  while  consciousness  is  certainly  bound  up  with  the 
integrity  of  the  brain,  and  in  all  the  higher  mammals  is 
probably  associated  with  cerebral  activity  alone,  it  has  been 
plausibly  maintained  that  the  spinal  cord,  even  of  such  an 
animal  as  the  frog,  is  also  endowed  with  something  which 
might  be  called  a  kind  of  hushed  consciousness-  If  this  is 
so  for  the  frog,  with  its  distinct  though  relatively  ill- 
developed  cerebral  hemispheres,  it  must  be  still  more  likely 
in  the  case  of  flshes  and  animals  below  them,  which  are 
practically  devoid  of  a  cerebral  cortex  altogether. 

FuQctions  of  the  Spinal  Cord  (including  tlie  Medulla  Ob- 
longata).— The  functions  of  the  spinal  cord  may  be  classi- 
fied thus  : 

1.  The  conduction  of  impulses  set  up  elsewhere — either 

in  the  brain  or  at  the  periphery. 

2.  The  modification  of  impulses  set  up  elsewhere  (reflex 

action). 

3.  The  origination  of  impulses  (?). 
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I.  Coaduction  of  Iferrous  ImpnUes  by  the  Cord.— The  old 
controversy  as  to  whether  the  white  fibres  of  the  spinal 
cord  are  directly  excitable  may  be  considered  as  definitely 
settled  in  the  affirmative.  Long  strands  of  white  matter 
have  been  isolated,  and  laid  on  electrodes,  and  contractions 
of  distant  muscles  have  been  seen  to  follow  stimulation, 
even  when  every  precaution  has  been  taken  to  avoid  escape 
of  current  on  to  the  anterior  roots.  And  indeed,  apart  from 
direct  experimental  evidence,  the  fact  that  the  white  fibres 
of  the  brain  are  universally  admitted  to  be  excitable  by 
artificial  means  would  be  of  itself  almost  sufficient  to  decide 
the  question,  for  we  know  of  no  essential  difference  between 
the  cerebral  and  the  spinal  fibres.  But  the  conditions  must 
rarely  occur  under  which  direct  stimulation  of  white  fibres 
in  their  course  is  possible  in  the  intact  body;  and  the  only 
impulses  with  which  we  need  concern  ourselves  here  are 
those  that  reach  the  conducting  paths  from  grey  matter 
in  the  cord  itself  or  in  the  brain,  or  from  the  peripheral 
organs. 

What  sort  of  impulses,  then,  do  the  various  tracts  of  the 
spinal  cord  conduct  ?  For  the  posterior  roots  this  question 
was  first  fully  answered  by  Magendie ;  for  the  anterior  roots 
by  Sir  Charles  Bell.  Bell  observed  that,  when  he  cut  the 
motor  roots  in  an  animal  just  killed,  and  stimulated  the 
peripheral  ends,  muscular  contractions  were  obtained.  He 
concluded  from  this  that  the  anterior  roots  are  motor; 
but  although  he  is  often  credited  with  the  discovery  of  the 
functions  of  the  posterior  roots  as  well,  he  never  made  the 
decisive  experiment  necessarj'  to  show  that  they  are  the 
conductors  of  sensory  impulses,  which  indeed,  although  in 
language  not  altogether  free  from  ambiguity,  he  sometimes 
appears  to  assign  along  with  the  motor  impressions  to  the 
anterior  roots. 

When  the  posterior  roots  are  divided,  loss  of  sensation 
occurs  in  the  region  to  which  they  are  distributed.  If  only 
one  root  is  cut.  the  loss  of  sensation  is  never  complete  in 
any  part  of  the  skin  ;  and  Sherrington  has  found  that  the 
areas  of  distribution  of  consecutive  nerve-roots  are  not 
sharply  marked  off  from   each  other,  but  to  some  extent 
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overlap  (Fig.  205).  Stimulation  of  the  peripheral  end  of 
the  divided  posterior  root  has  no  effect.  Stimulation  of 
the  central  end  gives  rise,  if  the  animal  be  conscious,  to 
evidences  of  pain,  and  other  signs  of  the  passage  of  afferent 
impulses,  c^.,  a  rise  in  blood-pressure.  The  latter  may  also 
be  observed  when  the  animal  is  anesthetized. 

Head  has  shown  that  there  is  no  overlapping  in  the  sensory  supply 
of  the  viscera  from  neighbouring  spinal  segments.  He  finds  that  in 
disease  of  internal  organs  the  pain  is  referred  to  definite  regions  of 
the  skin  for  each  organ.  In  these  regions  the  excitability  for  im- 
pressions of  touch  or  temperature  is  increased,  and  the  reflexes 
elicited  by  stimulation  are  exaggerated.  There  is  reason  to  believe 
that  the  bond  of  connection  is  a  common  anatomical  origin  or  a 
physiological  correlation,  somewhere  or  other  in  the  central  ner\-ous 


FtG.  305.— Diagram  to  illust«atk  thk  Ovkklappinc  of  tiik  Sknsobv 

NeHVE.SUI'PLV  op  the  Skin  I-ROM  CoNSKCUTIVE  hWMKNTS  OF  THK  COBO. 

Anw  section  of  one  posierior  rooi.  iu  area  of  «)istrihuiion  is  still  supplied  bi  fibrw 
(reprvwnicd  by  the  intcmipica  lines)  from  the  nerve  above  and  the  nerve  hdow  it. 

system,  between  the  sympathetic  fibres  of  any  viscus  and  the  sensory 
supply  of  the  corresponding  cutaneous  area.  On  the  assumption 
that  any  given  viscus  is  supplied  with  sensory  fibres  from  the  same 
spmal  segment  or  segments  as  the  cutaneous  area  mapped  out  in 
these  ways  (an  assumption  which  the  close  correspondence  of  Head's 
results  with  the  distribution  of  the  large  medullated  fibres  found  in 
the  visceral  nerves,  and  believed  to  be  sensory  in  function,  would  m 
Itself  render  justifiable),  he  has  determined  the  sources  of  the  visceral 
sensory  supply  as  follows  : 
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N'krve-boots. 
Dorsal.         Lumbar.       SacnU. 

Heart     ...  -       i — 3 

,  Lungs     -        -        -  -       1—5 

Stomach  -        -  -       6 — 9 

Intestines  •  -  9 — 12 

Rectum  -  •         12  —  2 — 4 

Liver  and  gall-bladder  -  7  — 10 

Kidney  and  ureter  -  10 — 13 

Bladder  -  xi,  u  i  2 — 4 

Prostate  -        -  10 — 12  5  1—3  1 

Epididymis     -        -  -  11,  la  i 

Testis  and  ovary  10 

Uterus    -        -        -  -  xo — 12  i  2 — 4 

The  sVin  of  the  head  and  neck  has  been  similarly  mapped  out 
into  seventeen  zones  corresponding  to  the  'viscera*  of  this  region. 
For  example,  a  lower  laryngeal  zone  extends  from  the  middle  line  to 
the  median  border  of  the  sternoclcido-mastoid,  and  downwards  to 
the  bternoclavicular  articulation.  In  diseases  of  the  larynx  hyper- 
algesia (increased  sensibility  to  pain)  is  present  in  this  area,  and 
stimulation  of  the  skin  often  causes  reflex  coughing.  The  hyper- 
algetic  zones  do  not  correspond  to  the  distribution  of  the  posterior 
roots  of  the  cervical  plexus  and  the  sensory  portion  of  the  tri 
geminus ;  the  segmentation  in  nrlue  of  which  the  viscera  and  skin  are 
correlated  as  regards  their  sensory  supply  must,  therefore,  be  higher 
up  in  the  central  nervous  system. 

fiecurrent  Seosibility. —  Although  muscular  contractioti  is 
the  most  conspicuous  event  that  follows  stimulation  of  the 
peripheral  end  of  an  anterior  ner\'e-root,  it  is  by  no  means 
the  only  one.  It  is  frequently  observed,  though  not  in  all 
kinds  of  animals,  that  here,  too,  pain  Is  caused.  That  this 
pain  is  not  due  to  the  muscular  contraction  is  proved  by  the 
fact  that  it  can  still  be  elicited  when  the  nerve-trunk  is 
divided  between  the  junction  of  the  roots  and  the  periphery. 
The  real  explanation  of  the  phenomenon  seems  to  be  that 
certain  fibres  from  the  posterior  roots  bend  up  for  some 
distance  into  the  anterior  roots,  and  then  turn  around  again 
and  pursue  their  course  to  their  peripheral  distribution  in 
the  mixed  nerve,  or  run  on  in  the  motor  roots  to  supplj'  the 
sheath  surrounding  them  (nervi  nervorum),  and  even  the 
membranes  of  the  spinal  cord. 

The  afferent  Impolses  that  enter  the  cord  along  the  pos- 
terior roots  have  the  choice  of  many  paths  by  which  they 
may  reach  the  brain  (Fig.  206). 
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(i)  They  may  pass  directly  up  through  the  postero-median 
column.  If  they  take  this  route,  their  course  wi\l  be  first  intcmipted 
by  nerve-cells  in  the  gracilc  or  cuneate  nuclei  in  the  medulla 
oblongata.     Thence  they  may  find  their  way  across  the  middle  line 
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Fia.  *o6.— PossiBLF.  Paths  ok  Avkekkst  Iwpulsrs  in  rn*  r      ^^ 
Nekvuis  System  (Schkmatic).  *-*^'t*AL 

by   Ihe  arcuate   fibres  of  the   upper  or  sensory  decussatio 
sweeping  along  the  fillet  and  the  longitudinal  fibres  of  the  pm'  ^P** 
formation  of  medulla,  pons  and  crus,  and  the  sensorv  path  i'*^"if'^ 
hinder  third  of  the  posterior  limb  of  the  internal  capsult  fiL\i 
arrive  at  the  cerebral  cortex,  ^     ™"y 
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(2)  They  may  pass  up  by  the  direct  cerebellar  tract  and  restiform 
body.  If  they  take  this  route,  their  course  will  be  interrupted  by 
nerve-cells  very  soon  after  their  entrance  into  the  cord,  presumably 
in  Clarke's  column,  and  again  in  the  dentate  nucleus  of  the  cere- 


FiG.  307.— PoBstBi.E  Paths  op  Ekpkkknt  iMpuuiEb  in  the  Cextkal 
Nervous  SviiTkm  (Schrmatic). 

bellum.  The  impulses  may  then  cross  the  middle  line  by  the 
superior  peduncle  to  the  tegmental  region  of  the  crus  cerebri,  where 
they  may  again  make  junction  with  cells  in  the  red  nucleus.  From 
the  red  nucleus  they  may  find  their  way  by  the  tegmental  sensory 
path  to  the  cerebral  cortex. 
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(3)  They  may  reach  the  cerebellum  by  the  antero  lateral  ascend- 
ing tract,  passing  first  through  nervecclls  in  the  lateral  nuclcu*  of 
the  medulla  v?J.  then  by  the  formalio  reticularis  of  the  medulla  and 
pons  to  the  superior  peduncle  of  the  cerebellum,  and  thence  to  the 
^rey  matter  of  the  worm  on  the  same  side. 

I     (4)  They  may  cross  the  middlt;  line  through  collaterals  [p.  626) 
'^ which  run  in  the  posterior  grey  commissure,  enter  one  of  the  .i%cend 
ing  tracts  on  the  other  side,  and  continue  without  further  decussatioo 
up  to  their  central  deslinaiion. 

(5)  They  may  spread  in  the  tan;^le  of  the  grey  matter  itself  and 
pass  out  a^*aiti  at  a  different  level  into  one  of  the  white  tracts  on  the 
same -or  on  the  opposite  side  of  the  cord. 

Efferent  impulsei,  originating  in  the  brain,  may  travel : 

(i)  Through  the  direct  or  crossed  pyramidal  tract.  If  they  do 
so  their  cours^will  not  be  interrupted  by  nerve-cells  anywhere  between 
the  cerebral  cortex  and  the  motor  cells  of  the  anterior  horn. 

(2)  From  one  side  of  the  cerebral  cortex  to  the  other,  and  then 
down  the  pyramidal  tracts  corresponding  to  that  side(?|. 

(3)  From  the  prefrontal  part  of  the  cerebral  cortex,  through 
the  anterior  limb  of  the  internal  capsule  to  the  grey  matter  in  the 
pons,  and  thence  to  the  cerebellum  by  its  middle  peduncle. 

(4)  From  the  occipital  or  temporal  cortex  in  the  hinder  rim  of  the 
internal  capsule  to  the  pontine  grey  matter  nnd  through  the  middle 
peduncle  to  the  cerebellum  From  the  cerebellum  they  may  possibly 
he  reflected  down  the  antero  lateral  descendmg  tract  to  the  cord«  and 
indirectly,  if  not  directly,  to  the  peripher>'. 

All  the  paths  enumerated,  as  well  as  others  to  which  it 
would  be  tedious  to  formally  refer,  and  which  the  ingenuity 
of  the  reader  may  be  profitably  employed  in  constructing 
far  himself,  from  the  data  already  given,  are  to  be  looked 
upon  u,s possible  channels  for  the  passage  of  impulses  between 
the  brain  and  the  periphery.  But  what  is  certain  is  in 
this  case  much  more  limited  than  what  is  possible.  It 
is  certain  that  the  pyramidal  tracts  are  the  conductors  of 
voluntary  motor  impulses,  and  that  in  most  individuals  the 
great  majority  of  such  impulses  decussate  in  the  medulla 
oblongata,  only  a  small  minority  in  the  cord.  For  a  lesion 
involving  the  pyramidal  tract  above  the  decussation  of  the 
pyramids  causes  paralysis  of  the  opposite  side  of  the  body, 
a  lesion  below  the  decussation  paralysis  of  the  same  side- 
But  it  is  possible  that  when  one  pyramidal  tract  has  been 
destroyed,  in  certain  animals  at  least,  the  motor  cortex  from 
which  it  leads  may  to  a  certain  extent  place  itself  again  in 
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communication  with  the  paralysed  muscles  through  its  com- 
missural connections  with  the  opposite  hemisphere. 

On  the  other  hand,  it  is  certain  that  pathological  or 
traumatic  lesions,  involving  the  destruction  of  one  lateral 
half  of  the  cord  in  man  and  experimental  hemisections  in 
animals,  are  usually  followed  by  symptoms  which  suggest 
that  the  sensory  impulses  decussate  chiefly  in  the  spinal 
cord — vi^.,  increase  of  sensibility  (hyperassthesia)  below  and 
on  the  same  side  as  the  injury,  and  diminution  of  sensibility 
on  the  opposite  side.  This  was  first  pointed  out  by  Brown- 
Scquard,  although  long  after  he  saw  cause  to  retract  this 
interpretation  of  his  experiments.  It  is,  however,  equally 
certain  that  no  ascending  degeneration  is  to  be  found  on 
the  opposite  side  of  the  cord  either  after  hemisection  or 
after  division  of  posterior  roots  (Mott).  But  while  this 
latter  fact  shows  that  none  of  the  afferent  fibres  cross  the 
middle  line  before  being  interrupted  by  nerve-cells,  it  by  no 
means  proves  that  afferent  impulses  do  not  decussate  in  the 
cord.  And,  indeed,  we  know  that  some  afferent  impulses  do 
decussate  far  below  the  level  of  the  medulla.  For,  (i)  A  part 
of  the  negative  variation  (p.  556)  crosses  the  middle  line  and 
ascends  in  the  opposite  half  of  the  cord  when  the  central 
end  of  one  sciatic  is  stimulated  (Gotch  and  Horsley). 
(2)  Crossed  reflex  movements  are  possible ;  and  when 
excitation  of  the  central  end  of  the  sciatic  is  followed  by 
contraction  of  the  muscles  of  the  opposite  fore-limb,  the 
afferent  impulses  must  either  decussate  in  the  lumbar  cord, 
and  then  run  up  on  the  opposite  side  to  the  level  of  the 
brachial  plexus,  or  must  ascend  on  the  same  side  and  cross 
over  somewhere  between  the  plane  of  the  sciatic  and  the 
brachial  nerve-roots.  The  only  other  hypothesis  on  which 
crossed  reflex  action  can  be  explained — but  a  hypothesis  for 
which  there  is  not  a  tittle  of  evidence — is  that  the  afferent 
impulse  always  acts  on  motor  cells  whose  axis-cylinder 
processes  pass  over  to  the  opposite  side,  and  there  enter 
anterior  nerve-roots.  But  while,  for  these  reasons,  it  cannot 
be  denied  that  some  afferent  impulses  decussate  in  the  cord, 
it  would  be  a  great  error  to  argue  from  this  that  all,  or  even 
the  majority,  do  so.    And,  indeed,  there  is  good  evidence 
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that  at  least  the  greater  part  of  the  impulses  concerned  in 
sensation  do  in  reality  remain  on  the  side  of  the  cord  which 
they  first  enter,  right  up  to  the  medulla  oblongata. 

To  sum  up,  we  may  say  that  while  it  ts  certain  that  most  oj 
the  motor,  and  many  of  the  sensory,  impulses  decussate  in  tkt 
medtilla,  unanimity  has  not  as  yet  been  reached  with  reference  io 
the  place  of  decussation  of  the  whole  of  the  sensory  impressions^  and 
it  is  possible  that  some  of  titem  decussate  in  the  cord^  others  in  the 
bulb.  And  when  it  is  remembered  how  difBcult  it  sometimes 
is  to  interpret  the  account  which  a  man  gives  of  his  sensations 
and  to  recognise  precisely  the  degree  and  nature  of  sensory 
defects  produced  by  disease  in  the  human  subject,  it  will 
not  be  thought  surprising  that  experiments  on  animals,  from 
the  time  of  Galen  onwards,  should  have  yielded  evidence 
which,  although  perhaps  now  at  length  tending  to  a  definite 
result,  is  still  unfinished  and  in  part  conflicting.  If  this  is 
true  where  the  problem  is  merely  to  determine  the  crossing- 
place  of  afferent  impulses  which  are  certainly  known  to 
cross,  it  is  only  to  be  expected  that  we  should  be  still  more 
in  the  dark  as  regards  the  routes  by  which  different  kinds  of 
afferent  impulses  thread  their  way  through  the  maze  of 
conducting  paths  in  the  neural  axis  to  reach  their  planes  of 
decussation  and  gain  the  *  sensory  crossway '  in  the  internal 
capsule.  Some  authors  have  indeed  cut  the  Gordian  knot 
by  assuming  that  any  kind  of  sensory  impression  may  travel 
up  any  afferent  path.  Direct  stimulation  of  a  naked  nerve- 
trunk,  it  has  been  argued  in  favour  of  this  view,  gives  rise  to 
a  sensation  of  pain  ;  stimulation  of  the  skin  in  which  the 
end-organs  of  the  nerve  lie  gives  rise  to  a  sensation  of  touch 
or  a  sensation  of  temperature,  according  as  the  stimulus  is 
a  mild  mechanical  or  a  thermal  one,  the  contact  of  a  feather 
or  of  a  hot  test-tube.  Why,  it  has  been  asked,  should  we 
imagine  that  the  difference  in  the  result  of  stimulation 
depends  on  a  difference  in  the  nerve-fibres  excited,  and  not 
on  a  difference  in  the  kind  of  impulses  set  up  in  the  same 
nerve-fibres?  This  is  a  question  which  we  shall  have  again 
to  discuss  (p.  671).  But  apropos  of  our  present  problem,  we 
may  say  that  there  is  very  clear  evidence  from  the  patho- 
logical side  that  a  limited  lesion  in  the  conducting  paths  of 
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the  central  nervous  system  may  be  associated  with  defect  or 
total  loss  of  one  kind  of  sensation,  while  all  the  other  kinds 
remain   intact.      And  there  seems   no  other  tenable  hypo- 
thesis than  that  in  such  cases  the  pathological  change  has 
picked  out  a  particular  group  of  fibres,  either  collected  into 
a   single   strand   or   scattered   among   unaltered    fibres    of 
different   function.      For  example,  in   locomotor  ataxia,  a 
disease  in  which  inco-ordination  of  movement  and  derange- 
ment  of    the   mechanism   of   equilibration   are  prominent 
symptoms,  degeneration  in  the  posterior  column  of  the  cord 
is  a  most  constant  lesion  ;  and  there  is  strong  evidence  that 
afferent  impulses  from  muscles  and  tendons,  which  give  rise 
to  impressions  belonging  to  the  group  of  tactile  sensations, 
and  which,  according  to  the  most  widely  accepted  doctrine, 
ser\'e  as  the  basis  of  the  muscular  sense,  and  play  an  im- 
portant part  in  the  maintenance   of  equilibrium   (p.  644), 
pass    up    in    the    posterior    column.      A    case   has    been 
observed  where  a  man  received  a  stab  which  divided  the 
whole  of  one  side  of  the  cord  and  the  posterior  column  of 
the  other  side.     Sensibility  to  touch  was  lost  on  both  sides 
of  the  body  below  the  level  of  the  injury,  sensibility  to  pain 
only  on  the  side  opposite  to  the  main  lesion.     This,  how- 
ever, is  the  only  tract  which  has  been  associated,  on  evidence 
at  all  sufficient,  with  the  passage  of  sensory  impressions  of 
a  particular  kind.    Definite  paths  for  temperature  sensations 
have,  indeed,  been  described  in  the  lateral  column.     And 
Schiff  has   credited   the  grey  matter  of  the  cord  with  the 
power  of  conducting  the  impulses  that  give  rise  to  patn,  and 
has  asserted  that  such  impulses  can  be  propagated  along  a 
cord  in  which  hardly  a  vestige  of  white  substance  remains 
uncut.      But   these   statements    cannot  be   considered     as 
resting  on  adequate  proof,  although  it  is  certain  that  im- 
pressions of  pain  and  of  temperature  do  pass  up  somewhere 
or   other   in   the   antero-lateral    column,   and   Gowers   has 
brought  forward  some  facts  which  he  interprets  as  indicating 
that  the  antero-lateral  ascending  tract  is  the  path  for  sensi- 
bility to  pain. 

The  impulses  which  descend  the  cord  give  token  of  their 
arrival  at  the  periphery  by  causing  either  contraction  of 
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voluntary'  muscles,  or  contraction  of  the  smooth  muscles  of 
arteries,  or  secretion  in  glands.  They  all  pass  down  in  the 
antero-lateral  column,  but  the  path  of  the  voluntary  impulses 
in  the  pyramidal  tracts  is  the  best  known  and  most  sharply 
defined. 

2.  Modification  of  ImpnUes  set  ap  elsewhere  (Reflex  Action}. 
— The  spinal  cord,  although  it  is  a  conductor  of  nervous 
impulses  originating  elsewhere,  is  by  no  means  a  mere  con- 
ductor. Many  of  the  impulses  which  fall  into  the  cord  are 
interrupted  in  its  grey  matter.  Some  of  the  efferent  impulses 
proceeding  from  the  brain  are  perhaps  modified  in  the  cord, 
and  then  transmitted  to  the  muscles.  Some  of  the  afferent 
impulses  are  modified,  and  then  transmitted  to  the  brain; 
some  are  modified,  and  deflected  altogether  into  an  efferent 
path.  These  last  arc  the  impulses  which  give  rise  to  reflex 
effects.  Strictly  speaking,  a  reflex  action  is  an  action  carried 
out  in  the  absence  of  consciousness ;  not  necessarily,  how- 
ever, in  the  absence  of  general  consciousness,  but  in  the 
absence  of  consciousness  of  the  particular  act  itself.  But 
the  term  is  often  used  so  as  to  embrace  all  kinds  of  actions 
which  are  not  directly  voluntary,  whether  the  individual  is 
conscious  of  them  or  not.  For  e.\ample,  when  the  sole  of 
the  foot  is  tickled,  the  leg  is  irresistibly  and  involuntaril}* 
drawn  up  by  reflex  contraction  of  its  muscles;  yet  the 
person  is  perfectly  cognisant  both  of  the  movement  and  of 
the  sensation  which  accompanies  the  afferent  impulse.  Then 
there  is  a  class  of  reflex  actions  in  which  consciousness  is 
entirely  in  abeyance ;  during  sleep  most  of  the  ordinary 
reflexes  can  be  elicited. 

Normally,  it  is  believed  that  reflex  movements  are  governed 
by  impulses  descending  from  the  higher  centres,  for  (a)  it 
is  a  matter  of  common  experience  that  a  reflex  movement 
may  be  to  a  certain  extent  controlled,  or  prevented  alto- 
gether by  an  effort  of  the  will,  and  it  is  worthy  of  remark 
that  only  movements  which  can  be  voluntarily  produced  can 
be  voluntarily  inhibited ;  (6)  an  animal  responds  to  stimuli 
by  reflex  movements  more  readily  after  the  medulla  oblongata 
has  been  divided  from  the  spinal  cord  ;  (c)  by  stimulation  of 
certain  of  the  higher  centres  reflex  movements  which  would 
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erwnse  be  elicited  may  be  suppressed  or  greatly  delayed. 
the  cerebral  hemispheres  be  removed  from  a  frog,  and 
ne  leg  of  the  animal  be  dipped  in  dilute  acetic  acid,  a 
^rtain  interval,  the  (uncorrected)  reflex  time,  will  elapse 
before  the  foot  is  drawn  up  (TUrck's  method,  p.  680).  If 
now  a  crystal  of  common  salt  be  applied  to  the  optic  lobes 
or  the  upper  part  of  the  spinal  cord,  and  the  experiment  be 
repeated,  it  will  be  found  that  either  the  interval  is  much 
lengthened,  or  that  the  reflex  disappears  altogether.  Strong 
stimulation  of  any  afferent  nerve  will  also  abolish  or  delay  a 
reflex  movement. 

In  order  that  a  reflex  action  may  take  place,  the  reflex 
arc — afferent  nerve,  central  mechanism,  and  efferent  nerve — 
must  be  complete;  and  in  fact  a  whole  series  of  simple  reflex 
movements  exists,  the  suppression,  diminution,  or  exaggera- 
tion of  which  can  be  used  as  tests  of  the  condition  of  the 
reflex  arc  in  diagnosis.  Such  are  the  plantar  reflex  (the 
drawing-up  of  the  foot  when  the  sole  is  ticklad),  the  cremasUric 
reflex  (retraction  of  the  testicle  when  the  skin  on  the  inside 
of  the  thigh  just  below  Poupart's  ligament  is  stroked,  espe- 
cially in  boys),  the  knee-jerk  (a  sudden  extension  of  the  leg 
by  the  rectus  femoris  muscle  when  the  ligamentum  patellae 
is  sharply  struck),  the  gluteal,  abdominal,  epigastric,  and  inter- 
scapular  reflexes  (contraction  of  the  muscles  in  those  regions 
when  the  skin  covering  them  is  tickled).  The  jaw-jerk  (a 
movement  of  the  lower  jaw  when,  with  the  mouth  open,  the 
chin  is  smartly  tapped)  and  ankU-clonus  (a  series  of  spasmodic 
movements  of  the  foot,  brought  about  by  flexing  it  sharply 
on  the  leg)  arc  phenomena  of  the  same  class,  which  can 
be  elicited  only  in  disease.  Any  condition  which  impairs 
the  conducting  power  of  the  afferent  or  efferent  fibres  of  the 
reflex  arc  necessarily  diminishes  or  abolishes  the  reflex  move- 
ment, even  if  the  centre  is  intact.  E.g.,  in  locomotor  ataxia 
the  disappearance  of  the  knee-jerk  is  one  of  the  most  im- 
portant and  significant  diagnostic  signs.  This  disease  involves 
the  posterior  roots  and  the  fibres  that  continue  them  in  the 
posterior  column.  The  anterior  nerve-roots  are  perfectly 
healthy.  The  grey  matter  of  the  cord — at  \eas\ ,  \w XW ^t'wVxfc.T 
stages  of  the  disease — is  unaffected.     T\ie  weaV.  VviV  \w  x>cv«i. 
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different  from  that  concerned  in  the  reflex  blinking  of  the 
eyelid,  or  the  reflex  retraction  of  the  testicle,  or  the  drawing- 
up  of  the  foot  when  the  sole  is  tickled.  The  strongest  part 
of  this  evidence  is  the  fact  that  the  interval  which  elapses 
between  the  tap  and  the  jerk  ix^  to  ^0-5  second)  is  distinctly 
shorter  than  the  reflex  time  of  the  extremely  rapid  lid-reflex, 
and  is  not  much  greater  than  the  latent  period  of  the  quadri- 
ceps muscle  for  direct  electrical  stimulation,  as  measured 
under  the  ordinary  conditions  of  its  contraction.  The  knee- 
jerk  is  obtained  in  undiminished  strength  when  the  nerves 
of  the  ligamentum  patellze  have  been  divided.  It  is  therefore 
not  a  reflex  movement  caused  by  stimulation  of  afferent 
nerves  coming  from  the  tendon,  and  the  name  '  tendon- 
reflex'  is  clearly  a  misnomer.  But  that  it  is  related  in  some 
way  or  other  to  afferent  impulses  is  certain,  for  division  of 
the  posterior  roots  that  enter  into  the  sciatic  nerve  abolishes 
the  knee-jerk.  The  phenomenon  probably  comes  under  the 
head  of  what  by  some  authors  is  called  myotatic  irritability 
— that  is,  it  depends  on  mechanical  stimulation  of  the  slightly- 
stretched  muscle  by  the  pull  of  the  tendon  when  it  is  struck. 
It  seems  to  be  necessary  for  this  stimulation  that  the  muscle 
should  be  to  a  certain  extent  tonically  contracted.  So  that 
when  the  afferent  fibres  are  interrupted,  or  the  grey  matter 
of  the  cord  disorganized,  and  the  reflex  tone  abolished,  the 
knee-jerk  disappears. 

Anatomical  Basis  of  R«flex  Action. — Since  the  essence  of  reflex 
action  is  that  the  arrival  of  afferent  impulses  in  the  spinal  cord  causes 
the  discharge  of  efferent  impulses,  there  must  be  some  connection 
between  the  incoming  and  the  outgoing  nerve-fibres.  Moderate 
stimulation  of  an  afferent  nerve  causes  contraction  of  muscles  con- 
nected with  the  same  segment  of  the  cord  on  its  own  side.  Stronger 
excitation,  particularly  of  the  end-organs  of  a  nerve,  as  in  stimula- 
tion of  the  skin,  will  be  followed  by  more  extensive  movements 
involving  higher  or  lower  segments  of  the  cord,  or  crossing  over  to 
the  opposite  side.  Sometimes  the  reflex  movements  are  coordinated 
to  a  high  degree,  and  even  *  purposive '  in  their  action.  This  also  is 
less  true  of  movements  caused  by  stimulation  of  naked  nerve-trunks 
than  of  movements  caused  by  stimulation  of  sensory  surfaces.  Let 
a  piece  of  skin  in  a  brainless  frog  be  severed  from  the  rest,  but  left 
in  connection  with  its  nerves.  Excitation  of  the  latter  will  produce 
simple  and  comparatively  aimless  contractions,  while  pinching  of  the 
skin  or  painting  it  with  dilute  acid  may  cause  extensive  movements, 
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evidently  aimed  at  the  removal  of  the  initatian.  If  a  drop  of  dilute 
add  be  applied  to  the  flank  of  a  '  reflex  *  frog,  it  will  attempt  to  »ipe 
it  off  with  the  foot  which  is  situated  most  conveniently  for  the  pur- 
pose.    If  this  foot  be  held,  it  will  use  the  other. 

It  is  evident  that  the  connections  between  the  fibres  of  the  posterior 
and  anterior  roots  must  be  very  extensive.  Indeed,  the  pbenomena 
of  strychnia  poisoning  seem  to  show  that  every  afferent  fibre  is 
potentially  connected  with  the  motor  mechanisms  of  the  whole  cord 
For  in  a  frog  under  the  influence  of  this  drug,  stimulation  of  the 
smallest  portion  of  the  skin  will  cause  violent  and  general  convulsions, 
which  are  unaffected  by  destruction  of  the  brain,  but  cease  at  once 
on  destruction  of  the  cord  (p.  680).  Our  problem,  then,  is  to  find 
connections — first,  between  the  afferent  fibres  of  each  spinal  segnent 
and  its  efferent  fibres,  and,  secondly,  between  the  central  mechanim 
of  all  the  segments  of  the  cord.  When  the  nervous  system  issiiD 
only  a  ]>roccss  of  an  epithelial  (sensory)  cell  joining  hands  with  \ 
muscular  cell,  the  distinction  between  afferent  and  efferent  libre  does 

not  exist.  When  developntect 
has  gone  a  step  further,  and 
the  neuromuscular  process  is 
interrupted  by  a  second  epi- 
thelial cell  transformed  into  a 
nerve-cell,  the  afferent  fibre 
enters  one  pole  and  the  effer- 
ent fibre  leaves  the  other  fole 
of  the  same  cell  With  in- 
creasing complexity  of  organi- 
zation the  nervous  impubt 
passing  up  the  afferent  fibre  >i 
offered  a  choice  of  many  rou» 
when  it  reaches  the  nerveedl 
This  is  effected  by  means  of  the  plexus  formed  by  its  branchiDg  pnv 
cesses  with  the  processes  of  other  cells. 

It  may  htt  seen  in  prei>arations  of  the  cord  stained  by  Golfi* 
method  that  the  fibres  of  the  posterior  roots,  soon  after  their  entrance 
into  the  cord,  tiividc  into  two  processes,  one  of  which  runs  up  and 
the  other  down  in  the  posterior  column  or  in  the  adjoining  portion 
of  the  posterior  horn.  From  these  are  given  off  at  intervals  skndff 
side  branches  (collaterals),  some  of  which  pass  into  the  grey  matter, 
and  there  break  up  into  a  terminal  brush  of  fibrils,  l^cse  fibrib 
interlace  with  the  ramifications  of  the  scattered  ceils  of  the  posterior 
horn  and  the  cells  of  Clarke's  column,  and  throuj;h  them  a  phvsw- 
logical,  if  not  an  anatomical,  connection  is  established  between  ihe 
fibres  of  the  posterior  root  and  the  cells  of  the  grey  matter.  Othef 
collaterals  from  the  posterior  root-fibres  and  many  of  the  root-fibres 
themselves  run  into  the  anterior  horn.  Some  cross  the  middle  line 
in  the  jwsterior  commissure,  and  end  in  the  grey  matter  of  the 
opposite  side.  There  is  thus  formed  an  ample  connection  between 
the  po&lcriot  tools  aud  v\vt  effi««xv\  T\t\Nes  cj(  the  «ime  s^ment  00 
both  sides  oi  ihe  cord,  Tiod  a\&o\y^'H«e:ti  vk*}  c:^^^:  v^f«j«\cK  TcctL  -«&. 
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» spinal  grey  matter  at  differenl  levels.  The  grey  matter  of  adjoining 
Kgments  is  further  united  by  the  commissural  fibres  of  the  anterior 
^ound  bundle  already  spoken  of  (p.  598),  and  doubtless  also  by  the 
numerous  fibres  and  fibrils  that  interlace  in  its  own  substance. 

Under  ordinary  conditions  we  must  suppose  that  the  resistance  to 
the  passage  of  impulses  is  greater  for  certain  paths  than  for  others, 
that  it  is  easier,  e.g.^  for  an  impulse  travelling  up  a  given  posterior 
root  to  reach  the  anterior  root-fibres  of  its  own  segment  on  its  own 
ade  than  to  cross  the  middle  line  and  tap  the  opposite  efferent  tract, 
or  to  extend  longitudinally  along  the  cord  and  flow  over  into  efferent 
tracts  coming  off  at  a  higher  or  lower  level.  The  action  of  strychnia 
must  be  to  diminish  the  resistance  in  the  whole  of  the  spinal  cord,  so 
that  an  impulse,  instead  of  being  confined  to  a  fairly  definite  path, 
spreads  indiscriminately  over  the  grey  matter. 

The  transition  from  the  afferent  to  the  efferent  fibres  of  a  reflex 
arc.  so  far  as  we  know,  never  takes  place  in  highly  organized  animals 
except  through  a  ner\ous  plexus.  In  the  peripheral  ganglia  the  nerve- 
cells  appear  to  give  off  no  branches  that  form  a  plexus  around 
them.  They  seem  to  be  trophic  cells  interpolated  in  the  course 
of  the  fibres  whose  nutrition  they  govern,  or  stations  at  which 
nerve-fibres  break  up  for  their  peripheral  distribution,  not  junctions 
through  which  impulses  may  be  shunted  from  one  kind  of  fibre  to 
another.  Thus,  the  cells  of  a  spinal  ganglion  represent  the  original 
neuroblasts  from  which  the  posterior  root-fibres  grew  out  as  processes 
towards  the  cord  on  the  one  side  and  the  periphery  on  the  other  A 
sensory  fibre  passing  into  the  ganglion  makes  connection  with  a  cell 
by  a  T*shaped  junction  (which  may  be  considered  as  a  stalk  formed 
by  the  coalescence  of  a  portion  of  the  entering  and  outgoing  fibres), 
and  passes  on  its  course  again.  Here  it  is  evident  that  there  is  no 
possibility  of  a  complete  reflex  arc,  and  accordingly  no  reflex  function 
has  ever  been  associated  with  the  spinal  ganglia.  The  sympathetic 
ganglion-cell  may,  indeed,  have  several  processes,  but  one  of  them  is 
the  axis-cylinder  of  a  medullated  fibre  that  comes  to  it  from  a  higher 
centre,  and  the  others  the  axis-c}'linders  of,  it  may  be,  five  or  six  non- 
mcdullated  fibres  passing  away  from  it  to  their  destination.  Here, 
again,  there  is  no  anatomical  foundation  for  a  refiex  arc,  and  the  most 
careful  physiological  experiments  have  failed  to  demonstrate  any  reflex 
function  in  the  sympathetic  ganglia.  Sokownin,  indeed,  observed  that 
stimulation  of  the  central  end  of  the  hypogastric  nerve  caused  con- 
tractions of  the  bladder,  and  he  considered  these  movements  to  be 
reflex,  the  centre  being  the  inferior  mesenteric  ganglion.  Langley 
and  Anderson  have  also  recently  found  that  when  all  the  nervous 
connections  of  the  inferior  mesenteric  ganglion,  except  the  hypogastric 
nerves,  are  cut,  stimulation  of  the  central  end  of  one  hypogastric 
causes  contraction  of  the  bladder,  the  efferent  path  being  the  other 
hypogastric.  In  addition,  they  have  observed  an  apparent  reflex 
excitation  of  the  nerves  which  supply  the  erector  muscles  of  the 
hairs  (pilomotor  nerves)  through  other  sympathetic  ganglia.  Hut 
they  believe  it  likeJ/  ihaX  in  neither  case  is  the  aclxon  VtuX-^  xeS^t■».^^i^i^. 
that  it  is  caused  by  sr/n)ulaiion  of  the  centraV  'end*  ot  s^waX  uidvax 
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discharged  by  afferent  impulses  falling  into  the  centre  where 
it  arises.  An  action  known  to  be  caused  or  conditioned  by 
such  afferent  impulses  is  called  a  reflex  action.  Automatic 
actions  being  thus  defined  in  a  negative  manner  by  the 
defect  of  a  quality,  there  is  always  a  possibility  that  some 
day  or  other  it  may  be  demonstrated  that  any  given  action 
which  at  present  seems  automatic  in  its  origin  depends  on 
afferent  impulses  hitherto  unnoticed.  As  a  matter  of  fact, 
the  supposed  proofs  of  spinal  automatism  have  in  more 
than  one  case  vanished  with  the  advance  of  knowledge,  and 
as  the  domain  of  purely  automatic  action  has  been  narrowed, 
that  of  reflex  action  has  extended,  until  the  controversy  as 
to  the  boundaries  between  the  two  seems  not  unlikely  to  be 
ended  by  the  absorption  of  the  automatic  in  the  reflex. 
And  as  we  seem  almost  driven  to  conclude  that  from  the 
anatomical  standpoint  the  nervous  system  is  essentially  a 
vast  collection  of  looped  conducting  paths,  each  with  an 
afferent  portion,  an  efferent  portion,  and  connections  be- 
tween them  formed  by  cells  and  cell  networks,  so  it  may  be 
that  no  true  physiological  automatism  really  exists  either  in 
cord  or  brain,  that  every  form  of  physiological  activity — 
muscular  movement,  secretion,  intellectual  labour,  conscious- 
ness itself — would  cease  if  all  afferent  impulses  were  cut  off 
from  the  nervous  centres.  But  there  are  certain  groups  of 
actions  so  widely  separated  from  the  most  typical  reflex 
actions  that,  provisionally  at  least,  they  may  be  distin- 
guished as  automatic.  Such  are  the  voluntary  movements, 
and  certain  involuntary  movements,  like  the  beat  of  the 
heart.  And  we  may  proceed  to  inquire  whether  the  spinal 
cord  has  any  power  of  originating  movements  or  other 
actions  of  this  high  degree  of  automatism. 

Kusoolar  Tone. — So  long  as  a  muscle  is  connected  with  the 
spinal  segment  from  which  its  nerves  arise,  it  is  never  com- 
pletely relaxed  ;  its  fibres  are  in  a  condition  of  slight  tonic 
contraction,  and  retract  when  cut.  If  a  frog  whose  brain 
has  been  destroyed  is  suspended  so  that  the  legs  hang 
down,  and  one  sciatic  nerve  is  cut,  the  corresponding  limb 
may  be  observed  to  elongate  a  little  as  compared  with  the 
other.     At  one  time  this  tone  of  the  muscles  was  supposed 
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to  be  due  to  the  continual  automatic  discharge  of  feeble 
impulses  from  the  grey  matter  of  the  cord  along  the  motor 
nerves.  But  it  has  been  proved  that  if  the  posterior  roots 
be  cut,  or  the  skin  removed  from  the  leg,  its  tone  is  com- 
pletely lost  although  the  anterior  roots  are  intact.  So  that 
the  tone  of  the  skeletal  muscles  depends  on  the  passage  of 
afferent  impulses  to  the  cord,  and  must  be  removed  from 
the  group  of  automatic  actions  and  included  in  the  re- 
flexes. 

The  '  rigidity  *  of  the  muscles,  often  observed  in  paralysis 
from  lesions  of  the  central  nervous  system,  and  denominated 
*  early '  or  '  late  '  according  as  it  comes  on  within  a  few  days 
or  a  few  weeks  after  the  occurrence  of  the  lesion,  is  also 
probably  in  part  a  reflex  phenomenon,  although  posses^ng 
some  of  the  characters  of  a  tonic  contraction  due  to  auto* 
matic  discharge  from  the  spinal  centres.  For  in  such  cases 
myotatic  irritability  is  increased ;  the  knee-jerk  is  exaggerated; 
a  finger-jerk  may  be  elicited  by  tapping  the  wrist,  an  arm- 
jerk  by  striking  the  skin  over  the  insertion  of  the  biceps  or 
triceps,  ankle-clonus  by  flexing  the  foot  (Gowers).  Now, 
myotatic  irritability  depends  on  reflex  muscular  toDe 
(p.  624). 

It  is  probable  that  the  tone  of  such  visceral  muscles  u 
the  sphincters  of  the  anus  and  bladder  have  also  a  reflei 
element,  and  possible  that  the  same  is  true  of  the  tone  of 
the  smooth  muscular  fibres  of  the  bloodvessels  on  which 
the  maintenance  of  the  mean  blood -pressure  so  largeh- 
depends.  And  it  may  be  that  if  all  afferent  impulses  coold 
be  cut  off  from  the  vaso-motor  centre,  as  by  section  of  the 
whole  of  the  posterior  spinal  roots  and  other  centripetal 
paths  to  the  medulla,  general  dilatation  of  the  arterioles 
would  take  place,  and  the  blood  -  pressure  be  greatly 
diminished. 

Trophic  Tone, — The  degenerative  changes  that  occur  in 
muscles,  nerves,  and  other  tissues  when  their  connection  with 
the  central  nervous  system  is  interrupted  have  been  already 
referred  to  (p.  536).  It  is  possible  to  explain  these  chao^ 
in  some  cases  vi\\.Vio\A  tVvt  ^^^uuv^tion  that  tonic  impulses 
are  const ant\^  pass\iv%  omv  Uck-rcv  \^^  \sviM\  tkb^  ^j^aSik^ 
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rol  the  nutrition  of  the  peripheral  organs ;  and  we  have 
that   there   is   no   real   evidence   of  the   existence   of 
^)ecitic  trophic  fibres.     But  the  degeneration  of   muscles 
after  section  of  their  motor  nerves  is  inexplicable  except  on 
the  hypothesis  that  impulses  descending  from  the  cells  of 
the  anterior  horn  influence  their  nutrition.     The  only  ques- 
tion is  whether  these  are  the  impulses  to  which  muscular 
ne  is  due,  and  therefore  reflex,  or  different  in  nature  and 
utomatically  discharged.     Now  the  nutrition  of  a  muscle 
not  affected,  or  at  least  not  for  a  long  time,  by  interrup- 
ion  of  its  afferent  nerve-fibres,  as  in  locomotor  ataxia,  or 
fter  section  of  the  posterior  nerve-roots  (Mott  and  Sherring- 
n).     We  can  hardly  suppose  that  in  any  case  the  trophic 
flaence  of  the  cells  of  the  spinal  or  sympathetic  ganglia, 
;o  which  all  other  reflex  powers  have  been  denied,  is  of 
flex  nature.     And  there  is,  indeed,  more  evidence  in  favour 
f  trophic  tone  being  an  automatic  action  of  the  cord  than 
r  any  of  the  other  tonic  functions  hitherto  considered. 
Bespiratory  Automatiim. — But   the   evidence   upon   which 
e    spinal   cord    has   been    credited   with   true    automatic 
tion   is   chiefly   connected   with   the   central   respiratory 
echanism.     It  is  known  (p.  177)  that  a  section  above  a 
rtain   level   in   the   medulla   oblongata   does  not  abolish 
e  respiratory  movements.     The  respiratory  centre,  then, 
ust  be  continually  sending  out   impulses  which  are   not 
riginated  by  impulses  reaching  it  from   the  brain.      But 
is  is  far  from  being  a  proof  of  definite  automatic  action  by 
,e  spinal  cord,  for  although  afferent  impulses  do  not,  under 
the   conditions  of  that   experiment,  reach  the  respiratory 
centre  from  the  brain,  they  may  and  do  reach  it  from  the 
periphery ;    and   the  only  true  test   of  automatic   activity 
would  be  to  sever  the  whole  of  the  afferent  paths  leading  to 
the  centre,  and  then  to  observe  whether  or  no  the  respira- 
tory movements  continued.     This  is  an  experiment  which 
is  difficult,  if  not  almost  impossible,  to  carry  out.    But  to 
y  this  is  merely  to  confess  that,  in  the  present  state  of  ex- 
perimental physiology,  it  is  difficult  or  impossible  to  apply  a 
crucial  test  to  the  doctrine  of  respiratory  avilonv^lxsta* 

Th9  'Otntrea'  of  the  Cord  and  Bul^.— "We  \\a^t  tteojiecA-^  \cmw^ 
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the  word  '  centre '  in  describing  the  functions  of  the  spinal  cotd,  but 
the  term,  although  a  convenient  one,  is  apt  to  convey  the  idea  that  our 
knowledge  is  far  more  minute  and  precise  than  it  really  is.  UTjen 
we  say  that  a  centre  for  a  given  physiological  action  exists  in  a  definite 
portion  of  the  spinal  cord,  all  that  is  meant  is  that  the  action  can  be 
called  out  experimentally,  or  can  normally  go  on,  so  long  as  this 
portion  of  the  cord  and  the  nerves  coming  to  it  and  leaving  it  arc 
intact,  and  that  destruction  of  the  'centre'  abolishes  the  action. 
For  example,  a  part  of  the  medulla  oblongata  on  each  side  of  the 
middle  line  in  the  floor  of  the  fourth  ventricle  above  the  calamus 
scriptorium  is  so  related  to  the  function  of  respiration  that  when  it 
is  destroyed  the  animal  ceases  to  breathe.  But  this  respiratory 
centre,  the  '  nceud  vital '  of  Hourens,  does  not  correspond  in  position 
with  any  definite  collection  of  grey  matter,  although  it  includes  the 
nuclei  of  origin  of  several  cranial  ner\'es,  and  fomis  an  important 
point  of  departure  for  efferent,  and  of  arrival  for  afferent,  fibres  con- 
nected with  the  respiratory  act.  Its  destruction  involves  the  cutting 
off  of  the  impulses  constantly  travelling  up  the  vagus  to  modify  the 
respiratory  rhythm,  and  of  the  impulses  constantly  passing  down  the 
cord  to  the  phrcnics  and  the  intercostal  nerves.  And  just  as  the 
traffic  of  a  wide  region  can  be  paralyzed  at  a  single  blow  by  severing 
the  lines  in  the  neighbourhood  of  a  great  railway  junction,  or  more 
laboriously,  though  not  less  effectually,  hy  separate  section  of  the 
same  tracks  at  a  radius  of  a  hundred  miles,  so  destruction  of  the 
respiratory  centre  accomplishes  by  a  single  puncture  what  can  be 
also  performed  by  section  of  ail  the  respiratory  nerves  at  a  distance 
from  the  medulla  oblongata.  But  while  nobody  speaks  of  the 
destruction  of  a  *  centre '  when  a  reflex  action  is  abolished  by 
division  of  the  peripheral  nerves  concerned  in  it,  there  is  a  tendency, 
when  the  same  effect  is  brought  about  by  a  lesion  in  the  brain  or 
cord,  to  invoke  that  mysterious  name,  and  to  forget  that  the  cerebro- 
spinal axis  is  at  least  as  much  a  stretch  of  conducting  paths  as  a  col- 
lection of  discharging  nervous  mechanisms. 

It  is,  perhaps,  a  profitless  task  to  enumerate  all  the  so-called 
centres  in  the  bulb  and  cord  with  which  the  perverse  ingenuity  of 
investigators  and  systematic  writers  has  encumbered  the  archives 
and  text-books  of  physiology.  In  addition  to  the  great  vasomotor, 
respiratory,  cardioinhibitory  and  card io-augmcn tor  centres  in  the 
bulb,  which,  perhaps,  have  more  right  than  the  rest  to  be  regarded  as 
distinct  physiological  mechanisms,  if  not  as  definitely  bounded 
anatomical  areas,  there  have  been  distinguished  ano-spinal,  vesico- 
spinal, and  genito-spinal  centres  in  the  lumbar  cord,  a  cilio-spinal 
centre  for  dilatation  of  the  pupil  in  the  cer\'ical  cord,  and  in  the 
medulla  centres  for  sneezing,  for  coughing,  for  sweating,  for  sucking 
for  masticating,  for  swallowing,  for  salivating,  for  vomiting,  for  the 
production  of  general  convulsions,  for  closure  of  the  eyes.  It  would 
be  just  as  correct,  and  more  practically  useful  (for  it  would  perhaps 
encourage  the  student  who  has  lost  his  way  amidst  these  intcnnin- 
able  distinctions),  to  say  that  the  cerebral  cortex  contains  a  centre 
for  learning  sense,  and  another  for  forgetting  ncMisense,  and  that  in  a 
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healthy  brain  it  is  the  latter  which  is  generally  thrown  into  activity  in 
the  study  of  this  portion  of  modern  physiology. 


The  Cranial  Nerrea. 

Unlike  the  spinal  nervw,  which  arise  at  not  very  unequal  intervals 
from  the  cord,  the  nuclei  of  origin  of  the  cranial  nerves,  with  the 
exception  of  the  olfactory  and  optic,  are  crowded  together  in  the 
inch   or   two   of  grey    iiiatter   of   the   primitive  neural  axis  in  the 


Fig.  3ia— Schematic  Transparent  Section  op  Meouixa  Oblongata. 

The  nuTDcmts  V  to  XII  refer  lo  the  nuclei  of  origin  of  the  respective  cnuiial  nerves. 
V  is  the  motor  nucleus;  KV,  the  roots  of  the  fifth  nerve;  V',  sensory Inucletis ; 
V'.  WDsory  nucleus  and  ascending  root ;  RVl,  root  of  sixth  nerve;  RVII,  root  of 
seventh  nrnc;  Py.  pyramid;  Py.  kr.,  dcciusaiioo  of  the  pymmids ;  O.s..  superior 
olive  ;  O.  olive  ;  ti.(.,  genu  of  the  facial. 

immediate  neighbourhood  of  the  fourth  ventricle  and  the  Sylvian 
aqueduct.  Of  these  nuclei  some  are  sensory — sensory  nucleus  gK 
fifth,  both  nuclei  of  eighth,  and  probably  the  common  nucleus  of 
ninth,  tenth,  and  eleventh.  The  motor  nuclei  lie,  upon  the  whole,  in 
two  longitudinal  rows — a  median  row,  which  consists  of  the  nuclei 
of  the  third  and  fourth  nerves  in  the  floor  of  the  aqueduct,  and  those 
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of  the  sixth  and  twelfth  nerves  in  the  floor  of  the  fourth  ventricle ; 
and  a  lateral  row  comprising  the  motor  nuclei  of  the  fifth,  tenth,  and 
eleventh  nerves,  and  the  nucleus  of  the  seventh.  The  clumps  of 
grey  matter  which  make  up  these  nuclei  may  be  considered  as  homo- 
logous with  the  grey  matter  of  the  anterior  (including  the  lateral) 
horn  of  the  spinal  cord ;  and  the  motor  fihres  of  the  nerves  them- 
selves as  homologous  with  the  anterior  spinal  roots,  although  it  docs 
not  follow  that  each  cranial  motor  nerve  represents  one  anterior  root 
and  one  only. 

The  first  or  olfactoiy  nerre  of  anatomists  is  really  a  lol^e  of  the 
brain,  and  is  better  termed  the  olfactory  tract  or  bulb,  the  real 
olfactory  nerves  being  the  short  terminal  twigs  that  pierce  the  cribri- 
form plate  of  the  ethmoid  bone  .o  reach  the  upper  part  of  the  nasal 
mucous  membrane.  The  olfactory  tract  can  be  traced  to  the 
uncinate  g)rus  of  the  same  side.  It  seems,  however,  to  be  also 
related  in  some  indirect  way  to  the  op[X)site  side  of  the  brain,  for  an 
injury  to  the  posterior  part  of  the  internal  capsule  has  been  found 
associated  with  impairment  of  smell  in  the  opposite  nostril.  Kxces- 
sive  stimulation  of  the  olfactory  nerve  by  exposure  to  a  strong  odoar 
has  been  known  to  cause  complete  and  permanent  loss  of  smell. 

The  second  or  optic  nerve  is  connected  centrally  with  the  lateral 
geniculate  body  and  pulvinar  (or  posterior  portion)  of  the  optic 
thalamus,  the  anterior  corpus  quadrigeminum,  and  both  directly  and 
indirectly  with  the  occipital  cortex  (Fig.  319).  Peripherally  it  expands 
into  its  end-organ,  the  retinx  At  the  chiasma  the  fibres  of  the 
optic  nerve  decussate  partially  in  man  and  some  mammals,  as  the  dog, 
cat,  rabbit,  and  monkey,  completely  in  animals  whose  visual  field  k 
entirely  independent  for  the  two  eyes,  as  in  fishes  and  in  many 
mammals  (horse,  sheep,  deer).  In  man  the  fibres  for  the  nasal 
halves  of  both  retina;  cross  the  middle  line  at  the  chiasma,  thoM 
for  the  temporal  halves  do  not.  Since  the  field  of  vision  of  the 
nasal  side  of  the  retina  is  more  extensive  than  that  of  the  teropoial 
side,  more  than  half  of  the  fibres  decussate.  A  lesion  involving 
the  whole  of  the  upper  part  of  the  occipital  cortex,  or  the  posterior 
portion  of  the  optic  thalamus,  or  the  optic  Iract,  causes  hemi* 
anopia*  (blindness  of  the  corresponding  halves  of  the  two  retinae) 
on  the  side  of  the  lesion.  Thus,  a  lesion  equivalent  to  complete 
section  of  the  right  optic  tract  would  cause  blindness  of  the  nasal 
half  of  the  left,  and  of  the  temporal  half  of  the  right  eye,  and  the 
left  half  of  the  field  of  vision  would  be  blotted  out— the  patient  would 
be  unable,  with  his  eyes  directed  forwards,  to  see  an  object  at  his 
left.  A  lesion,  r^.,  a  tumour  of  the  pituitary  body,  involving  the 
whole  of  the  optic  nerve  in  front  of  the  chiasma,  would  cause 
complete  blindness  of  the  corresponding  eye.  Sometimes  in  disease 
of  the  optic  nerve  vision  is  not  totally  destroyed  in  the  eye  to  which 
it  belongs,  but  the  field  is  narrowed  by  a  circumference  of  blindnesA. 

♦  The  terms  '  hemiopia/  '  hemianopia.*  *  hemianopsia.'  are  sometimes 
used  with  reference  to  the  hlind  side  of  the  relins;,  sometimes  to  the  daric 
half  of  the  visual  field.  We  shall  always  use  the  word  '  bemianop^' 
with  reference  to  the  retina.  ^~ 
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)s  case  the  pathological  change  involves  the  circumferential 
of  the  nerve.  When  the  chiasma  is  affected  by  disease,  a  very 
frequent  symptom  is  nasal  hemianopia,  blindness  of  the  nasal  halves 
of  the  retinae,  with  loss  of  the  outer  or  temporal  half  of  each  field  of 
nsion. 

U  may  be  added  that  not  only  does  a  central  lesion  lead  to 
peripheral  atrophy,  but  a  peripheral  lesion  may  cause  central 
atrophy.  Extirpation  of  the  eyeball  in  young  animals  is  fullowcd 
by  atrophy  of  the  anterior  corpus  quadrigeminum,  optic  thalamus, 
d  occipital  cortex. 

The  third  nerve,  or  oculo-motor,  arises  from  a  series  of  nuclei  in 
floor  of  the  Sylvian  aqueduct  below  the  anterior  corpora  quadri* 
lina.  The  root-bundles  coming  off  from  the  most  anterior  of 
nuclei  carry  fibres  that  have  to  do  with  the  mechanism  of 
accommodation.  The  nuclei  behind  these  are  connected  with  fibres 
that  cause  contraction  of  the  pupil  when  light  falls  on  the  retina ; 
while,  in  dogs  at  least,  the  posterior  portion  of  the  series  gives  olf 
fibres  for  the  muscles  of  the  eye  in  the  following  order  from  before 
backwards:  internal  rectus,  superior  rectus,  levator  palpebrx 
superioris,  inferior  rectus,  inferior  oblique.  Complete  paralysis  of 
the  third  nerve  causes  loss  of  the  power  of  accommodation  of  the 
corresponding  eye,  dilatation  of  the  pupil  by  the  unopposed  action 
of  the  sympathetic  fibres,  diminution  of  the  power  of  moving  the 
eyeball,  ptosis,  or  drooping  of  the  upper  lid,  external  squint,  and 
consequent  diplopia,  or  double  vision. 

The  fourth  or  trochlear  nerve  arises  from  the  posterior  part  of 
ihc  same  tract  of  grey  matter  which  gives  origin  to  the  third  nerve. 
It  supplies  the  superior  oblique  muscle.  Paralysis  of  the  nerve 
causes  internal  and  upward  squint  owing  to  the  unopposed  action  of 
the  inferior  rectus.  There  is  diplopia  on  looking  down.  Unlike 
the  other  cranial  nerves,  the  two  trochlear  nerves  decussate  ajttr 
tbey  emerge  fruni  their  nuclei  of  origin. 

The  fifth  or  trlgemiiiaB  nerve  appears  on  the  surface  of  the  pons 
a  large  sensory  root  and  a  smaller  motor  root.     Its  deep  origin  is 
lore  extensive  than  that  of  any  of  the  other  cerebral  ncr\'es,  stretch- 
as  it  does  from  the  level  of  the  anterior  corpus  i^uadrigeminum 
ive  to  the  upper  part  of  the  spinal  cord  below.     Its  sensory  root, 
fact,  seems  to  include  the  sensory  divisions  of  all  the  motor  cranial 
nerves. 

The  motor  root  arises  partly  from  a  nucleus  in  the  floor  of  the 
itth  ventricle  below  the  pons,  partly  as  the  so-called  descending 
•t  from  large  nerve-cells  scattered  in  the  grey  matter  around  the 
ueduct  of  Sylvius  all  the  way  from  the  anterior  quadrigeminate 
y  to  the  point  at  which  the  motor  root  is  given  off. 
The  uttsory  root  has  likewise  two  deep  origins :  a  nucleus  in  the 
neighbourhood  of  the  motor  nucleus  in  the  floor  of  the  fourth 
ventricle,  and  a  long  ascending  root  running  up  from  the  level  of  the 
second  cervical  nerve  through  the  medulla  oblongata  and  the 
t^mentum  of  the  jX)ns,  where  it  lies  exicina\  Vo  V^e  ^«sK&n^vc\%, 
roou 
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The  motor  fibres  of  the  fifth  nerve  supply  the  muscles  of  mastict- 
lion  and  ihe  tensor  tympani.  The  sensory  fibres  confer  commoo 
sensation  on  the  face,  conjuncti\*a,  the  mucous  membranes  of  the 
mouth  and  nose,  and  the  structures  contained  in  them,  and  special 
sensation,  through  branches  given  off  to  the  facial  and  glosso- 
pharyngeal nenes,  on  ihe  organs  of  taste.  Complete  paralysis  of  the 
nerve  causes  loss  of  movement  in  the  muscles  of  mastication*  some- 
times impaired  hearing,  and  loss  of  common  sensation  in  the  area 
supplied  by  it.  Loss  or  impairment  of  t^sie  in  the  corre'^ponding 
half  of  the  tongue  is  also  often  seen  in  disease  involving  the  sensory 
root,  although  not  in  affections  of  the  trunk  of  the  nerve,  since  the 
taste-fibres  leave  it  near  its  origin, 

Vaso-motor  changes  are  occasionally,  and  *  trophic '  changes 
frequently,  observed  in  disease  of  the  fifth  nerve  The  trophic 
disturbance  is  most  conspicuous  in  the  eyeball  (ulceration  of  ibe 
cornea,  going  on,  it  may  be,  to  complete  disoi^anization  of  the  eye). 
These  effects  seem  to  be  partly  due  to  the  loss  of  sensation  in  the 
eye,  and  the  consequent  risk  of  damage  from  without,  and  the  un- 
regarded presence  of  foreign  bodies  and  accumulation  of  aecretioo 
within  the  lids.  But  this  is  not  a  complete  explanation,  since  the  eye 
may  remain  perfectly  normal  for  many  years  after  total  paralysis  of 
the  fifth  ner\'e. 

The  sixth  or  abducens  nerve  takes  origin  from  a  nucleus  in  the 
floor  of  the  fourth  ventricle  at  the  level  of  the  posterior  portion  of  the 
pons.  It  supplies  the  external  rectus  muscle  of  the  eyeball  Paralysis 
of  it  causes  internal  squint. 

The  seventh  or  facial  nerve  arises  from  a  nucleus  in  the  reticular 
formation  of  the  medulla  oblongata,  and  running  up  some  distance 
into  the  pons.  It  supplies  the  muscles  of  the  face  ;  and  when  these 
arc  greatly  developed,  as  in  the  trunk  of  the  elephant,  the  nerve 
reaches  very  large  proportions.  Since  the  fibres  which  connect  the 
nucleus  with  the  cerebral  cortex  decussate  about  the  middle  of  the 
pons,  a  lesion  above  this  level  which  causes  hemiplegia  paralyzes 
the  face  on  the  same  side  as  the  rest  of  the  body,  i.^,  on  the  side 
opposite  the  lesion.  But  the  paralysis  is  confined  to  the  muscles  of 
the  lower  portion  of  the  face,  and  affects  especially  the  muscles  about 
the  mouth.  Sometimes  the  pjxamidal  tract  and  the  facial  nerve,  ot 
nucleus,  arc  involved  in  a  common  lesion.  In  this  case  paralysis  of 
the  face  is  on  the  side  of  the  lesion,  and  is  total,  while  the  rest 
of  the  body  is  paralyzed  on  the  opposite  side.  Complete  facial 
paralysis  is  often  caused  by  an  inflammatory  process  in  the  nerve 
itself  (neuritis).  The  symptoms  of  complete  facial  paralysis  are  very 
characteristic.  The  face  and  forehead  on  the  paralyzed  side  arc 
smooth,  motionless,  and  devoid  of  expression.  The  eye  remams 
open  even  in  sleep,  owing  to  paralysis  of  the  orbicularis  palpebrarum. 
A  smile  becomes  a  grimace.  An  attempt  to  wink  with  both  eyes 
results  in  a  grotesque  contortion.  The  mouth  appears  like  a  diagonal 
slit  in  the  face,  its  angle  being  drawn  up  on  the  sound  side,  and  the 
patient  cannot  bring  the  lips  sufficiently  close  together  to  be  able  to 
blow  out  a  candle  or  to  whistle.     Liquids  escape  from  the  moutlv 


THE  CENTRAL  NERVOUS  SYSTEM, 


637 


and  food  collects  between  the  paralyzed  buccinator  and  the  teeth. 
The  labial  consonants  are  not  properly  pronounced.  Taste  is  lost  in 
the  anterior  two-thirds  of  the  tongue  when  the  nerve  is  injured 
between  the  entrance  of  the  gustatory  fibres  from  the  irigeminui 
and  their  exit  by  the  chorda  tympani,  but  not  when  the  lesion  is  in 
the  nucleus  of  origin,  or  anywhere  above  it.  Hearing  is  sometimes 
impaired  because  the  auditory  and  facial  nerves,  lying  close  together 
for  part  of  their  course,  are  apt  to  suffer  together,  but  perhaps  also 
because  the  stapedius  muscle  is  supplied  by  the  seventh  ncr\e. 

The  eighth  or  anditory  nerve  arises  from  the  medulla  oblongata 
by  two  roots,  one  of  which  passes  in  on  each  side  of  the  restiforra 
body.  The  auditory  nucleus  in  the  floor  of  the  fourth  ventricle  con- 
sists of  two  parts,  a  lateral  and  a  mesial  nucleus,  the  first  of  which  is 
connected  with  the  fibres  of  the  ventral,  and  the  second  with  those 
of  the  dorsal  root.  The  accessory  nucleus  on  the  ventral  surface  of 
the  restiform  body  forms  an  additional  nucleus  for  the  dorsal  root. 
It  is  believed  that  the  two  roots  of  the  auditory  nerve  arc  physiologi- 
cally as  well  as  anatomically  distinct,  for  the  dorsal  root  seems  to 
carry  the  fibres  which  are  distributed  in  the  cochlear  division  of  the 
auditory  nerve  to  the  cochlea,  the  ventral  root  those  which  pass  to 
the  semicircular  canals  and  the  vestibule  of  the  internal  ear.  And,  as 
we  shall  see  (p.  646),  it  is  extremely  probable  that  the  cochlea 
subserves  the  function  of  hearing,  the  semicircular  canals  and 
vestibule  the  function  of  equilibration.  It  is  important  also  to  note 
that  many  of  the  fibres  of  the  ventral  root,  after  making  junction 
with  nerve-cells  m  the  lateral  division  of  the  auditory  nucleus,  are 
continued  up  in  the  restiform  body  to  the  cerebellum.  We  must 
assume,  from  clinical  and  experimental  data,  that  the  dorsal  root  is 
connected  through  its  nuclei  with  the  first  or  first  and  second  temporo- 
sphenoidal  convolutions  on  the  opposite  side,  but  the  exact  path  and 
the  place  of  decussation  are  unknown.  Two  prominent  symptoms 
may  be  associated  with  disease  of  the  auditory  nerve — {a)  disturbance 
or  loss  of  hearing  ;  {b)  loss  or  impairment  of  equilibration. 

The  ninth  or  glosso-pharyngeal  nerve  arises  from  the  upper  portion 
of  an  elongated  nucleus  in  the  medulla  oblongata,  the  lower  portion  of 
which  gives  origin  to  the  accessory  division  of  the  spinal  accessory, 
and  the  middle  to  the  vagus.  An  additional  origin  is  formed  by  a 
bundle  of  fibres,  the  ascending  root  of  the  glosso-pharyngeal,  which 
arises  from  the  grey  matter  of  the  lateral  horn  of  the  cord  and  the 
formalio  reticularis  of  the  medulla,  and  commences  as  far  down  as 
the  fourth  cervical  nerve.  The  glossopharyngeal  has  both  sensory 
and  motor  fibres — sensory  for  the  posterior  third  of  the  tongue  and 
the  mucous  membrane  of  the  back  of  the  mouth,  motor  for  the 
middle  constrictor  of  the  pharj'nx  and  the  stylo- pharynge us.  It  also 
contains  the  nerves  of  taste  for  the  posterior  third  of  the  tongue,  but 
these  reach  it  from  the  fifth  nerve. 

The  tenth  or  vapis  or  pnenmosastrlc  nerve  is  joined  near  its 
origin  by  the  accessory  portion  of  the  spinal  accessory,  that  is,  the 
portion  which  arises  from  the  medulla  oblongata,  and  we  shall 
describe  them  together.     The  mixed  nerve  contains  both  sensory  and 
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motor  fibres,  the  latter  chiefly  derived  from  the  accessory,  the  former 
entirely  from  the  vagus.  The  distribution  of  the  nerve  is  more 
extensive  than  that  of  any  other  in  the  body.  The  oesophagus 
receives  both  motor  and  sensory  branches  from  the  oesophageal 
plexus.  The  pharyngeal  branch  of  the  vagus  is  the  chief  motor 
nerve  of  the  pharynx  and  soft  palate  (including  the  tensor  palati). 
The  superior  laryngeal  branch  is  the  nerve  of  common  sensation  for 
the  larynx  above  the  vocal  cords,  and  the  motor  nerve  of  the  crico- 
thyroid muscle.  The  inferior  or  recurrent  lar)'ngeal  supplies  the  rest  of 
the  laryngeal  muscles,  and  is  sensory  for  the  mucous  membrane  of 
the  trachea  and  the  larynx  below  the  glottis.  The  superior  lajyngea! 
contains  afferent  fibres,  stimulation  of  which  gives  rise  to  coughing^ 
slows  respiration,  or  stops  it  in  expiration.  Reflex  movements 
of  deglutition  are  niso  caused.  The  vagus  supplies  the  lung  both 
with  motor  and  sensory  filaments  through  the  pulmonary  plexus. 
The  motor  6brcs  when  stimulated  cause  constriction  of  the  bronchi ; 
the  afferent  fibres  cause  increase  in  the  rate  of  respiration  or 
reflex  stoppage  of  the  diaphmgm  in  inspiratory  spasra.  The  cardiac 
branches  contain  inhibitory  fibres  derived  from  the  spinal -accessory, 
and  depressor  fibres  which  pass  up  in  the  vagus  trunk  (dogX  or 
as  a  separate  nerve  to  join  the  vagus  or  its  superior  laryngeal  branch 
or  both  (rabbit).  The  gastric  and  intestinal  branches  contain  both 
motor  and  sensory  nerves  for  the  stomach  and  intestines.  The  latter 
are  probably  large  medullatcd  fibres  (7  /*  to  9  /i).  The  afferent  %-agtK 
fil>res  from  the  stomach  carry  up  impulses  which  excite  the  action  of 
vomiting.  lesions  of  the  vagus,  its  nuclei  of  origin,  or  its  branches,  are 
associated  with  many  interesting  forms  of  paralysis  and  other 
symptoms.  Paralysis  of  the  pharynx  is  generally  caused  by  disease 
of  the  nucleus  in  the  medulla.  From  its  anatomical  relation  to 
the  nuclei  of  the  glosso-pharyngeal  and  hyiMjglossal,  it  will  be  easily 
understood  that  these  nerves  are  often  involved  in  localized  central 
lesions  along  with  the  vagus.  But  the  fact  that  in  glosso-labio- 
laryngeal  palsy — a  condition  characterized  by  progressive  paralysis 
and  atrophy  of  the  muscles  of  the  tongue,  lips,  larynx,  and  pharynx 
— the  orbicularis  oris  is  paralyzed,  while  the  other  muscles  supplied 
by  the  facial  remain  intact,  would  seem  to  show  that  in  system 
diseases  it  is  not  so  much  anatomical  groups  of  nerve-cells  which  are 
liable  to  simultaneous  degeneration  and  failure,  as  physiological 
groups  normally  associated  in  particular  functions.  Such  functional 
groups  of  cells,  occupied  with  the  same  kinds  of  labour  at  the  same 
times  and  under  the  same  conditions,  may  be  supposed  to  take  on  a 
similar  bias  or  tendency  to  degeneration,  a  tendency  not  indicated,  it 
may  be,  by  any  structural  peculiarity,  but  traced  deep  in  the  molc- 
ular  activity  of  the  cells.  Oiflicully  in  swallowing  is  the  chief  symptom 
of  pharyngeal  paralysis.  The  symptoms  of  hryngtai  paralysis  have 
been  already  described  under  'Voice'  (p.  229).  Tachycardia,  or  a 
permanent  increase  in  the  rate  of  the  heart,  has  been  staled  to  occur 
in  certain  cases  of  paralysis  of  the  vagus,  caused  by  disease  or 
accidental  interference ;  and  a  persistent  slowing  of  the  rcspintion 
has  been  occasionally  attributed  to  the  same  cause.     But  it  is  difiicuh 
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reconcile  many  of  these  cases  with  experimental  results,  for  in 
most  or  ihem  the  lesion  only  involved  one  vagus  ;  and  in  animals 
section  of  one  vagus  has  little  effect  on  the  rate  of  the  heart  or  of 
the  respiratory  movements. 

Destruction  of  the  nerve  near  its  origin  has  been  sometimes  found 
issociaied  with  disappearance  of  the  food-appetites,  hunger  and 
thirst,  and  it  has  been  assumed  that  this  was  due  to  loss  of  afferent 
impulses  from  the  stomach.  But  clinical  testimony  is  by  no  means 
unanimous  on  this  point,  and  experiments  on  animals  show  that  other 
factors  are  involved  in  these  sensations. 

The  elflventli  ot  spiii&l-acceasory  nerve  consists  of  two  parts  :  the 
accessory  or  internal  branch,  which  arises  from  the  medulla  oblongata, 
and  which  we  have  just  considered  in  conjunction  with  the  vagus  ; 
and  the  external  or  spinal  branch,  which,  arising  from  the  lateral  rim 
of  the  anterior  horn  of  the  cord  from  the  sixth  or  seventh  cervical 
nerve  upwards,  passes  out  to  supply  the  trapezius  and  stemo-mastoid 
muscles  with  motor  fibres. 

The  twelfth  or  hypoglossal  nerve  contains  the  motor  supply  of  the 
intrinsic  and  extrinsic  muscles  of  the  tongue  and  of  the  thyro-  and 
genio-hyoid.  Paralysis  of  it  causes  deficient  movement  of  the  corre- 
sponding half  of  the  tongue.  When  the  tongue  is  put  out,  it  deviates 
towards  the  paralyzed  side,  pushed  over  bylhe  unparalyzed  genio  hyo- 
glossus  of  the  opposite  side,  which  is  thrown  into  action  in  protrudmg 
Che  tongue. 


The  Fonotions  of  the  Brain, 

The  paths  by  which  the  various  parts  of  the  central  nervous 
[rstenn  are  connected  with  each  other  and  with  the  periphery 
lave  been  already  described,  and  we  have  completed  the 
^examination  of  the  functions  of  the  spinal  cord  and  medulla 
oblong^ata.     The  events  that  take  place  in  the  upper  part  of 
le  central  nervous  stem  and  in  the  cortex  of  the  cerebellum 
id  cerebrum  now  claim  our  attention. 

From  very  early  times  the  brain  has  been  popularly  believed  to  be 
seat  of  all  that  we  mean  by  consciousness — sensation,  ideation, 
action,  volition.     And  he  who  loves  to  trace  the  roots  of  things 
into  the  past  may  see,  if  he  choose,  running  through  the  whole 
lure  of  the  older  speculations  a  belief  that  the  brain  does  not  act 
a  whole,  but    is  divided  into  mechanisms,  each  with  its   special 
"irork — a  foreshadowing,  often  in  grotesque  outlines,  of  the  doctrine 
of  localisation  so  widely  held  to-day.     But  until  comparatively  recent 
~    aes,  cerebral  physiology  remained  a  kind  of  scientific  terra  incognita ; 
no  notable  additions  were  made  for  a  thousand  years  to  the 
ctrincs  of  Galen.     Even  to  day  the  utmost  Um\t  o(  omt  VutyuXe^-^^ 
reached  when  in  certain  cases  we  have  conntcVtA  2.  i^^voi^'w 
movement  or  sensation  with  a  more  or  less  shaTp\7  iicftTved  ^t\a.\syKv\ca\ 
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area.  How  the  cerebral  processes  that  lead  to  sensations  and  roovc' 
ments,  to  emotions  and  intellectual  acts,  arise  and  die  out : 
what  molecular  changes  are  associated  with  them  ;  above  all,  how 
the  molecular  changes  are  translated  into  consciousness — how,  for 
example,  it  is  that  a  scries  of  ner\'e-impulses  flickering  across  the 
labyrinth  of  the  occipital  cortex  should  light  up  there  a  visual 
sensation — these  are  questions  to  which  we  can  as  yet  give  oo 
answer,  and  tlie  answers  to  some  of  which  must  for  ever  remain 
hidden  from  us. 

Fnnctioiu  of  the  Upper  Part  of  the  Central  Stem  and  Basal 
Ganglia. — Some  of  the  transverse  fibres  of  the  pons  form  a 
commissure  between  the  hemispheres  of  the  cerebellum,  but 
many  of  them  are  the  cerebellar  portions  of  commissural  arcs 
interrupted  by  pontine  grey  matter,  and  continued  by  fibres 
of  the  corona  radiata  to  the  pre-frontal,  temporal  and  occi- 
pital portions  of  the  cerebral  cortex  (p.  60S). 

The  posterior  corpora  quadrigemina  (testes)  and  interna] 
geniculate  bodies  are  connected  with  the  cochlear  division 
of  the  auditory  nerves,  and  therefore  have  some  relation  to 
the  sense  of  hearing.  Stimulation  of  the  testes  causes  a 
peculiar  cry,  and  the  pupils  dilate. 

The  anterior  corpora  quadrigemina  (nates)  and  the  laUral 
corpora  geniculata  are  connected  with  the  optic  tracts.    Their 
development  is  arrested  after  extirpation  of  the  eyeball  in 
young  animals,  and  they  may  therefore  be  assumed  to  be 
concerned  in  vision,  although  the  size  of  their  homologues. 
the  optic  lobes  or  corpora  bigemina,  in  animals  below  the 
rank   of  mammals  (birds,  reptiles,  amphibians),  does  not 
seem  to  be  related  to  the  development  of  the  organs  of 
sight.     The  Proteus  and  the  Hag-fish,  f.g.,  have  large  optic 
lobes,  rudimentary  eyes  and  optic  tracts.     The  optic  nerve, 
the  nuclei  of  the  oculo-motor  nerve  in  the  wall  of  the  Sylvian 
aqueduct,  and  the  fibres  which  it  carries  to  the  iris,  form 
reflex  arcs  for  the  contraction  of  the  pupil  to  light  and  during 
accommodation. 

IhQ  functions  of  the  optic  thalami  have  not  been  satisfactorily 
define<i  either  by  experiment  or  pathological  observation. 
Lying  as  they  do  in  the  isthmus  of  the  brain,  begirt  by  the 
great  motor  and  sensory  paths,  it  is  to  be  expected  that 
lesions  of  the  thalami  should  affect  also  the  internal  capsule, 
and  give  rise  to  the  symptoms  of  motor  and  sensory  paralysis. 
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Dt  no  definite  defect  of  motor  power  or  common  sensation 

as  ever  been  unequivocally  connected  with  a  lesion  restricted 

to  the  thalami.     The  posterior  portion  of  the  thalamus,  or 

poK-inar,  however,  seems  to  form  part  of  the  central  visual 

apparatus :  for  {a)  it  is  found  to  be  undeveloped  in  animals 

from  which  the  eyeballs  have  been  removed  soon  after  birth  ; 

{ft)  a  portion  of  the  optic  tract  is  certainly  connected  with 

h;  (c)  in  some  cases  of  atrophy  of  the  occipital  cortex, 

which,  as  we  shall  see,  is  undoubtedly  a  central  area  for 

visual   sensations,  atrophy  of  the  pulvinar  has  also  been 


Corpus  striatum 


ADlerioT  plUar  of  the 
fornix 

Optic  thalamus 
I'hird  venihcie 


.      Fio.  aix.— HoRizojfTAL  Sectiok  throcgh  Brain  to  show  the  Basal 
^K  Ganglia  and  Third  Ventkiclb  (Human). 

Hnced  ;  (rf)a  lesion  of  the  pulvinar  may  apparently  give  rise 
to  hemianopia  (p.  634). 

Haemorrhage  into  the  caudate  or  lenticular  nucleus  of  the 
corpus  striatum  often  causes  hemiplegia,  but  this  is  always 
due  to  implication  of  the  internal  capsule.  Experimental 
lesions  in  dogs  and  rabbits  are  followed  by  disturbances  of 
the  heat-regulating  mechanism  and  rise  of  temperature. 

Certain  structures,  belonging  to  the  primary  fore-brain,  which  have 
now  no  functional  importance,  may  nevertheless  be  mentioned  as 
milestones  in  ihe  march  of  development.  The  pineai  body  is  made 
up  of  the  vestiges  of  the  single  mesial  eye  of  the  ancient  amphibians, 
which  resembled  the  eye  ol  (nvertebrates  in  hav\n^  v\\e  Tt\TO3\  xo&b 
directed  towards  the  cavity  instead  of  towards  iVie  c\xc\iTt\^««w:fc  ^^ 
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the  eyeball.  The  gangiia  habenuliB  seem  lo  represent  the  optk 
ganglia  of  this  cyclopean  eye.  The  infundibulum  is  probaWy  whai 
remains  of  the  gullet  of  the  ancestors  of  the  vertebrates.  The 
pituitary  body  consists  of  two  portions,  the  anterior  being  derived 
from  the  buccal  cavity,  the  posterior  from  the  primary  fore-brain. 
It  has  been  stated  that  after  excision  of  the  thjToid  glands,  the  anterior 
division,  the  tissue  of  which  has  a  resemblance  to  thyroid  tissue,  has 
sometimes  been  found  atrophied  (but  see  p.  417). 

FtmctionB  of  the  Cerebellum, — The  elaborate  pattern  of  the 
arbor  vita;,  the  appearance  %\sqv\  by  the  branched  laminse  in 


Fig.  flta.— Longitudinal  Section  ut  the  'jHlv  MArrF.n  or  a  Lakelxa 

OF  THE  CKReBKLLUM  (DiAUKAMMATIC,   Al-TKK    KOU-IKXR). 

gr,  n  'gramile'  cell,  wich  its  oervuus  process.  ■ .-  w".  bifiircaiioo  of  ■.  in  ibe 
molecular  la>'(rr.  mto  two  fine  longitudinAl  branches  ;  m.  n  F'urkiiije's  cell  ;  m\  aoUer 
process  (Golgi's  method). 

a  section  of  the  cerebellum,  excited  the  speculation  of  the 
old  anatomists.  A  structure  so  marvellous  must  be  matched, 
they  thought,  with  functions  no  less  unique.  At  a  time  when 
the  discoveries  of  Galvani  and  Volta  were  fresh,  and  the 
world  ran  mad  on  electricity,  the  hypothesis  of  Rolando. 
that  '  nerve-force  *  was  generated  by  the  lamellae  of  the 
cerebellum  as  electrical  energy  is  generated  by  the  plates 
of  the  voltaic  pile,  ridiculous  as  it  now  appears,  was  not 
unnatural.  The  speculation  of  Gall,  who  connected  the 
cerebellum  with  the  development  of  sexual  emotions  and 
the  action  of  the  generative  mechanisms,  was  based  on 


THE  CENTRAL  NERVOUS  SYSTEM. 


643 


fact.  It  has  been  definitely  disproved  by  the  obser\'ations 
of  Luciani,  who  found  that  a  bitch  deprived  of  its  cerebellum 
showed  all  the  phenomena  of  heat  or  '  rut,"  was  impregnated, 
whelped  at  full  term  in  an  entirely  normal  manner,  and 
manifested  the  maternal  instincts  in  their  full  intensity. 
Flourens  put  forward  the  doctrine  that  the  cerebellum  is  an 
organ  especially  concerned  in  the  co-ordination  of  move- 
ments and  the  maintenance  of  equilibrium,  supporting  his 
conclusions  by  an  elaborate  series  of  experiments.  Notwith- 
standing the  very  large  amount  of  experimental  and  clinical 
study  which  has  been  devoted 
to  the  cerebellum  since  the 
time  of  Flourens,  our  know- 
ledge of  its  functions  has  hardly 
advanced  beyond  the  point 
then  reached.  Indeed,  it  may 
be  said  that  the  tendency  has 
been  rather  to  abridge  than 
to  extend  the  field  of  current 
physiological  doctrine  on  this 
subject.  For  while  it  has  been 
shown  that  the  integrity  of 
the  cerebellum  is  essential  to 
equilibration,  it  is  by  no  means 
certain  that  it  is  essential  for 
the  co-ordination  of  move- 
ments other  than  those  con- 
cerned in  the  maintenance  of 
equilibrium.  Animals  entirely  deprived  of  the  cerebellum 
have  shown,  after  the  primary  effects  of  the  operation  have 
passed  away,  no  impairment  in  general  co-ordinative  power ; 
and  cases  are  on  record  in  which  the  human  cerebellum  has 
been  found  at  death  to  be  utterly  disorganized,  and  yet  in 
which  many  classes  of  movements  have  been  well  co- 
ordinated during  life.  But  what  has  been  noticed  in  such 
cases  is  a  marked  inability  to  maintain  the  upright  posture, 
a  staggering  gait,  twitching  movements  of  the  eyes  (nystag- 
mus)— in  a  word,  a  general  disorder  of  the  mechanism  of 
equilibration.    In  cases  of  congenital  defect  of  the  cerebellum, 


Fic.  313.— A  Pl'rkinjrs  Cell  from 
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the  power  of  walking,  and  even  of  standing,  is  late  in  being 
acquired,  and  usually  imperfect.  The  connections  of  the 
cerebellum  with  other  parts  of  the  central  nervous  system 
and  with  the  periphery  corroborate  the  direct  results  of 
experiment.  For  the  most  important  afferent  impulses 
concerned  in  equilibration  are  those  from  the  muscles,  the 
skin,  the  semicircular  canals  and  vestibule  of  the  internal 
ear,  and  the  eyes.  And  the  cerebellum,  as  we  have  seen 
(p.  607),  is  linked  with  all  of  these,  and  has  besides  an 
extensive  crossed  connection  through  the  middle  and  superior 
peduncles  with  the  opposite  cerebral  hemisphere.  Further, 
the  superficial  grey  matter  of  the  two  cerebellar  hemispheres 
is  united  by  a  massive  commissure,  the  fibres  of  which  pass 
partly  through  the  pons,  partly  through  the  middle  lobe  or 
worm. 

We  do  not  as  yet  know  the  full  significance  of  this  extra- 
ordinarily free  communication  of  the  grey  matter  of  the 
cerebellum  with  everj'  part  of  the  central  ner\'ous  system. 
But  it  is  evident  that  by  the  broad  highway  of  the  restiform 
body,  or  the  cross-country  routes  from  cerebral  cortex  to 
cerebellum  impulses  may  pass  into  it  from  every  quarter; 
and  it  is  an  organ  so  connected  that  is  suited  to  take  cog* 
nizance  of  the  multitudes  of  impressions  concerned  in  the 
maintenance  of  equilibrium.  This  is  a  convenient  place  to 
consider  a  little  more  in  detail  the  nature  and  peripheral 
sources  of  the  most  important  of  these  impressions. 

(i)  Afferent  ImpressioDs  fjrom  tKe  Muscles. — Muscles  are 
richly  supplied  with  afferent  fibres,  for  about  half  of  the 
fibres  in  the  nerves  of  skeletal  muscles  degenerate  after 
section  of  the  posterior  roots  beyond  the  ganglia  (Sherring- 
ton). Various  kinds  of  impressions  may  pass  up  these 
muscular  nerves:  (a)  Impressions  giving  rise  to  pain,  as  in 
muscular  cramp  and  in  experimental  excitation  of  even  the 
finest  muscular  nerve-filament;  (6)  impulses  causing  a  rise 
of  blood-pressure ;  (c)  impulses  which  are  not  associated 
with  a  distinct  impression  in  consciousness,  but  enable  us 
to  localize  the  position  of  the  limbs,  head,  eyes,  and  other 
parts  of  the  body ;  {d)  impulses  which  inform  us  as  to  the 
extent   and   force   of  muscular   contraction,  and    seem   to 
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underlie  the  so-called  muscular  sense.  It  is  the  last  two 
kinds— if,  indeed,  they  are  distinct — which  must  be  con- 
earned  in  equilibration.  In  locomotor  ataxia  such  impres- 
sions are  blocked  by  degeneration  in  a  part  of  the  afferent 
path  (p.  623),  and  disorders  of  equilibrium  are  the  result. 

(2)  Afferent  ImpressiouB  from  the  Skin.— Of  the  various 
kinds  of  nerve-impulses  that  arise  in  the  nerve-endings  of 
the  skin,  only  those  of  touch  and  pressure  seem  to  be  con- 
cerned in  the  maintenance  of  equilibrium.  When  the  soles 
of  the  feet  are  anjesthetized  by  chloroform  or  by  cold,  and 
the  person  is  directed  to  close  his  eyes,  he  staggers  and 
sways  from  side  to  side.  The  dis- 
turbance of  equilibrium  in  loco- 
motor ataxia  must  be  partly  attri- 
buted to  the  loss  of  these  tactile 
sensations,  for  numbness  of  the 
feet  is  a  frequent  symptom,  and 
the  patient  asserts  that  he  does 
not  feel  the  ground.  An  interest- 
ing illustration  of  the  importance 
of  afferent  impulses  from  the  skin 
in  the  maintenance  of  equilibrium 
is  afforded  by  the  behaviour  of  a 
frog  deprived  of  its  cerebral  hemi- 
spheres. Such  a  frog  ^^■ill  balance 
itself  on  the  edge  of  a  board  like  a  normal  animal,  but  if  the 
skin  be  removed  from  the  hind-legs,  it  will  fall  like  a  log. 

(3)  Afferent  ImpoUes  &om  the  Semicircular  Canals — The 
semicircular  canals  are  three  in  number,  and  lie  nearly  in 
three  mutually  rectangular  planes:  the  external  canal  in  the 
horizontal  plane,  the  superior  canal  in  a  vertical  longi- 
tudinal plane,  and  the  posterior  canal  in  a  vertical  transverse 
plane.  Each  canal  bulges  out  at  one  end  into  a  swelling, 
or  ampulla,  which  opens  into  the  utricular  division  of  the 
vestibule  (Fig.  271).  The  other  extremities  of  the  superior 
and  posterior  canals  join  together,  and  have  a  common 
aperture  into  the  utricle,  but  the  undilated  end  of  the  external 
or  horizontal  canal  0{>ens  separately.  The  utricle  and  the 
semicircular   canals  are    thus   connected    by   five   distinct 
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orifices.  The  greater  part  of  the  internal  surface  of  the 
membranous  canals,  utricle  and  saccule,  is  lined  by  a  , 
single  layer  of  flattened  epithelium.  But  at  one  part  of 
each  ampulla  projects  a  transverse  ridge,  the  crista  acustica, 
covered  not  with  squamous,  but  with  long  columnar  epithe- 
lium. Hair-like  processes  (auditorj'  hairs),  borne  either  by 
the  columnar  cells  or  by  spindle-shaped  cells  scattered 
among  them,  project  into  the  endolymph,  which  fills  all 
the  membranous  labyrinth,  and  are  covered  by  a  thin  mem- 
brana  tectoria.  The  utricle  and  saccule  have  each  a  some- 
what similar  but  broader  elevation,  the  macula  acustica, 
covered  with  epithelium  and  hair-cells  of  the  same  character, 
and  the  hairs  project  into  an  otolith,  or  small  mass  of 
carbonate  of  lime.  The  vestibular  branch  of  the  auditory 
nerve  breaks  up  into  five  twigs :  one  for  each  ampulla,  one 
for  the  utricle,  and  one  for  the  saccule.  The  nerve-fibres, 
on  which  lie  ganglion-cells,  lose  their  medulla  as  they 
approach  the  layer  of  hair-cells  in  which  they  terminate. 
There  is  very  strong  evidence  that  the  semicircular  canals 
are  concerned,  not  in  hearing,  but  in  equilibration.  A 
pigeon  from  which  the  membranous  canals  have  been  re- 
moved still  hears  perfectly  well  so  long  as  the  cochlea  is 
intact,  but  exhibits  the  most  profound  and  remarkable  dis- 
turbances of  equilibrium.  If  the  horizontal  canal  is  destroyed* 
or  divided,  the  pigeon  moves  its  head  continually  from  side 
to  side  around  a  vertical  axis ;  if  the  superior  canal  is 
divided,  the  head  moves  up  and  down  around  a  horizontal 
axis.  The  powerof  co-ordination  of  movements  is  diminished, 
but  not  to  the  same  extent  in  all  kinds  of  animals.  Thrown 
into  the  air,  the  pigeon  is  helpless ;  it  cannot  fly ;  but  a 
goose  with  divided  semicircular  canals  can  still  swim.  The 
condition  is  only  temporary,  even  when  the  injurj*  involves 
^he  three  canals  on  one  side;  but  if  the  canals  on  both 
sides  are  destroyed,  recoverj-  is  tardy,  and  often  incomplete. 
In  mammals  the  loss  of  co-ordination  is  much  less  than  in 
birds ;  and  movements  of  the  eyes,  the  direction  of  which 
depends  on  the  canal  destroyed,  take  to  a  large  extent  the 
place  of  movements  of  the  head.  The  effects  of  destructive 
lesions  have  their  counterpart  in  the  phenomena  caused  by 
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Stimulation ;  excitation  of  a  posterior  canal,  for  example,  in 
the  pigeon  causes  movements  of  the  head  from  side  to  side, 

Lee's  results  in  fishes  are,  on  the  whole,  of  similar  tenor.  Mechanical 
simulation  of  the  ampullx  in  the  dogfish,  by  pressing  on  them  with 
a  blunt  needle,  calls  forth  characteristic  movements  of  the  eyes  and 
fins,  and  electrical  stimulation  of  the  auditory  nene  causes  move- 
ments compounded  of  the  separate  movements  obtained  by  stimula- 
I       tion  of  theampullxone  by  one.     Lee  concludes  that  the  semicircular 

I  canals  are  the  sense-organs  for  dynamical  equilibrium  (Z.^.,  equilibrium 
of  an  animal  in  motion),  and  the  utricle  and  saccule  for  statical 
equilibrium  (i>.,  equilibrium  of  an  animal  at  rest).  Each  canal  has 
a  principal  function,  the  appreciation  of  movements  of  rotation  of  the 
body  in  its  own  plane  and  towards  its  own  side,  and  a  subordinate 
function,  the  appreciation  of  similar  movements  to  the  opposite  side. 
The  canals  can  be  arranged  in  functionally  opposite  pairs,  thus  : 

»/<//.  R/j^Af. 

Anterior  (superior).  Posterior. 

Posterior.  Anterior. 

External.  External. 

I^ss  of  one  canal  does  not  affect  dynamical  equilibrium  much. 
Destruction  of  a  functional  pair  of  canals  causes  displacement  of  the 
eyes  and  tins,  and  may  be  followed  by  forced  movements.  Loss  of  the 
three  canals  of  one  side  may  cause  forced  rolling  or  circus  move- 
ments towards  that  side.  Loss  of  all  six  canals  is  equivalent  to 
complete  abolition  of  dynamical  equilibrium,  with  forced  movements. 

I  The  evidence  from  all  sources  points  strongly  to  the  con- 
clusion that  afferent  impulses  are  actually  set  up  in  the 
6bres   of    the   auditory   nerve,   through    the   hair-cells,   by 

'  alterations  of  pressure  or  by  streaming  movements  of  the 
endolymph  when  the  position  of  the  head  is  changed. 
Rotation  of  the  head  to  the  right  may  be  supposed  to 
cause  the  endolymph  in  the  right  external  canal,  in  virtue 
of  its  inertia,  to  lag  behind  the  movement,  and  to  press 
upon  the  anterior  surface  of  the  ampulla.  The  disorders  of 
movement  after  lesions  of  the  canals  may  be  explained  as 
the  result  of  the  withdrawal  of  certain  of  these  afferent 
impulses,  and  the  consequent  overthrow  of  that  equipoise  of 
excitation  necessary  for  the  maintenance  of  equilibrium. 
Even  in  man  there  is  evidence  of  the  existence  of  some 
mechanism  not  depending  on  the  muscular  sense  or  on 
impressions  passing  up  the  channels  of  ordinary  or  special 
sensation,  by  which  orientation  (the  determination.  o{  tht 
position  of  the  body  in  space)  is  rendered  ^os«.\\>\t.    Vox  ^ 
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man  lying  perfectly  still,  with  eyes  shut,  on  a  horizontal 
table  which  is  made  to  rotate  uniformly,  can  not  only  judge 
whether,  but  also  in  what  direction,  and  approximately 
through  what  angle,  he  is  moved  (Crum  Brown).  The 
phenomena  of  pathology  afford  weighty  additional  testimony 
in  favour  of  the  equilibratory  function  of  the  semicircular 
canals.  For  many  cases  of  vertigo  are  associated  with 
changes  in  the  internal  ear  (Meniere's  disease).  And  while 
nearly  every  normal  individual  becomes  dizzj'  when  rapidly 
rotated,  35  per  cent,  of  deaf-mutes  are  entirely  unaffected 
(James),  and  the  proportion  seems  to  be  much  higher  among 
congenital  deaf-mutes.  Kreidl  and  Bruck,  too,  have  found 
that  abnormalities  of  locomotion  and  equilibration  are  much 
more  common  in  deaf  and  dumb  children  than  in  others. 
Now,  in  these  cases  the  defect  is  usually  in  the  internal  ear. 
We  must  conclude,  then,  that  the  co-ordination  of  muscular 
movements  necessary  for  equilibrium  is  achieved  in  some 
centre,  to  which  afferent  impulses  pass  from  the  internal  ear 
by  the  vestibular  branch  of  the  auditory  ner\'e,  and  from 
which  efTerent  impulses  pass  out  to  the  muscles.  If,  as  there 
is  strong  reason  to  believe,  this  centre  is  situated  in  the  cere- 
bellum, the  efferent  path  is  in  all  probability  an  indirect  one 
(perhaps  by  commissural  fibres  to  the  Rolandic  area,  and 
then  out  along  the  pyramidal  tract) ;  for,  as  we  have  seen, 
the  cerebellum  is  either  not  connected  directly  with  the 
anterior  roots  at  all,  or  only  by  a  few  fibres. 

It  is  the  middle  lobe  of  the  cerebellum  which  seems  to  be 
concerned  in  the  co-ordination  of  movements  and  mainten- 
ance of  equilibrium.  In  birds  and  lower  vertebrates  the 
worm  is  alone  present.  The  cerebellar  hemispheres  become 
more  prominent  the  higher  we  ascend,  and  it  cannot  be 
doubted  that  they  have  important  functions,  but  what  these 
are  is  entirely  unknown.  The  fact  that  they  are  connected 
chiefly  with  those  parts  of  the  cerebral  cortex  which  are 
supposed  to  be  concerned  in  psychical  and  sensory  processes 
suggests  that,  at  any  rate,  the  superficial  grey  matter  of  the 
cerebellum  is  not  motor,  and  no  movements  can  be  obtained 
on  stimulating  it  ;  while  stimulation  of  the  worm  may  cauM 
movements  of  the  eye.  ^H 
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Forced  Hovements. — We  have  incidentally  mentioned  that 
in  fishes  injuries  to  the  semicircular  canals  may  give  rise  to 
movements  which  seem  to  be  beyond  the  control  of  the 
animal,  and  which  have  consequently  received  the  name  of 
, 'forced  movements.'     It  may  be  added  that  when  the  in- 
eraal  ear  of  a  Menobranchus  (one  of  the  tailed  amphibia)  is 
lestroyed  on  one  side,  rapid  movements  of  rotation  around 
lon^tudinal  axis  arc  observed.     The  animal  spins  round 
id  round  apparently  without  voluntary'  control,  purpose,  or 
Itigue.     After  a  time  it  becomes  quiescent ;  but  the  forced 
lovements  can  be  again  produced  by  pinching  or  exciting 
it  in  other  ways.     In  man.  too,  during  the  passage  of  a  gal- 
vanic current  between  the  two  mastoid  processes,  a  tendency 
to  move  the  head  towards  the  anode  is  experienced.     The 
person  may  resist  the  tendency,  but  if  the  current  be  strong 
enough  his  resistance  will  be  overcome ;  he  will  execute  a 
forced    movement.      Complex   as   such   an   experiment   is, 
involving  as  it  does  stimulation  of  so  many  structures  within 
the  cranium,  there  is  very   clear  evidence  that  it  is  the 
excitation  of  the  semicircular  canals  that  is  responsible  for 
this  forced  movement.     For  when  the  experiment  is  per- 
formed on  a  pigeon,  forced  movements  are  caused  so  long 
as  the  membranous  canals  are  intact,  but  not  after  they 
have  been  destroyed  (Ewald). 

But  forced  movements  may  also  follow  injuries  (especially 
unilateral)  to  many  portions  of  the  brain — e.^'.,  the  pons, 
crus  cerebri,  posterior  corpora  quadrigemina,  corpus  striatum, 
cerebellum,  and  even  the  cerebral  cortex.  The  movements 
are  of  the  most  various  kinds.  The  animal  may  run  round 
and  round  in  a  circle  (circus  movements) ;  or,  with  the  tip  of 
its  tail  as  centre  and  the  length  of  its  body  as  radius,  it  may 
describe  a  circle  with  its  head,  as  the  hand  of  a  clock  does 
(clock-hand  movement) ;  or  it  may  rush  forward,  turning 
endless  somersaults  as  it  goes.  Inter\'als  of  rest  alternate 
with  paroxysms  of  excitement,  and  the  latter  may  be  brought 
on  by  stimulation.  In  man  forced  movements  associated 
with  vertigo  have  been  sometimes  seen  in  cases  of  tumour 
of  the  cerebellum — t.g,^  involuntary  rotation  of  the  body  in 
tumour  of  the  middle  peduncle.      No  euUteVj  saX\^^O^ov^ 
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explanation  of  these  forced  movements  has  been  ^ven. 
They  are  evidently  connected  with  disturbance  of  the 
mechanism  of  co-ordination,  leading  to  a  loss  of  proportion 
in  the  amount  of  the  motor  discharge  to  muscles  or  proups 
of  muscles  accustomed  to  act  together  in  executing  definite 
movements.  For  instance,  in  circus  movements  the  muscles 
of  the  outer  side  of  the  body  contract  more  powerfully  than 
those  of  the  inner  side,  and  the  animal  is  therefore  con- 
strained to  trace  a  circle  instead  of  a  straight  line,  the 
excess  of  contraction  on  the  outer  side  being  analogous 
to  the  acceleration  along  the  radius  in  the  case  of  a  point 
moving  in  a  circle. 

Co-ordination   of  Movement*.— The  capacity   of   executing 
some  co-ordinated  movements,  occasionally  of  considerable 
complexity,  seems  to  be  inborn  in  man,  and  to  a  still  ^eater 
extent  in  many  of  the  lower  animals.     The  new-bom  child 
brings  with  it  into  the  world  a  certain  endowment  of  co- 
ordinative  powers ;    it  has  inherited,   for  example,   from  a 
long  line  of  mammalian  ancestors  the  power  of  performing 
those  movements  of  the  cheeks,  lips,  and  tongue,  on  which 
sucking  depends;  perhaps  from  a  long,  though  somewhat 
shadowy,  race  of  arboreal  ancestors  the  power  of  clinging 
with  hands  and  feet,  and  thus  suspending  itself  in   the  air. 
Many  movements,  such  as  walking   and    the  co-ordinated 
muscular   contractions   involved   in  standing,  and   even   in 
sitting,  which,  once  acquired,  appear  so  natural  and  spon- 
taneous, have  to  be  learnt  by  painful  effort  in  the   hard 
school  of  (infantile)  experience.     Most  people  learn,  and  are 
willing  to  confess  that  they  have  learnt,  to  execute  a  con- 
siderable number  of  co-ordinated  movements  with  the  arms, 
and  especially  with   the  fingers  ;   but  few  have  considered 
thai  the  extreme  dexterity  of  jaws,  tongue,  and  teeth  dis- 
played by  a  hungry  mouse  or  schoolboy  is  the  result  of  the 
much  practice  which  maketh   perfect.     The  exquisite  and 
highly-developed  co-ordination  of  the  muscles  of  the  eye- 
ball, which  we  shall  afterwards  have  to  speak  of,  and  ihe 
no  less  wonderful  balance  of  effort  and  resistance,  of  power 
put  forth  and  work  to  be  done,  of  which  we  have  already 
had  glimpses  in  studying  the  mechanism  of  voice  and  speech, 
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come  to  a  great  extent  the  common  property  of  all  fully- 
veloped  persons.  But  the  technique  of  the  finished  singer 
Of  musician,  of  the  swordsman  or  acrobat,  and  even  the 
operative  skill  of  the  surgeon,  are  in  large  part  the  outcome 
of  a  special  and  acquired  agility  of  mind  or  body,  in  virtue 
of  which  highly-complicated  co-ordinated  movements  are 
promptly  determined  on  and  immediately  executed. 

PjWith  such  special  and  elaborate  movements  it  is  impos- 
lle  to  occupy  ourselves  in  a  book  like  this.  Their  number 
ly  be  almost  indefinitely  extended,  and  their  nature  almost 
infinitely  varied,  by  the  needs  and  training  of  special  trades 
and  professions.  It  will  be  sufficient  for  our  purpose  to 
sketch  in  a  few  words  the  mechanism  of  one  or  two  of  the 
most  common  and  fundamental  co-ordinations  of  muscular 
effort,  passing  over  the  rest  with  the  general  statement  that 
the  more  refined  and  complex  movements  are  in  genera! 
brought  about  not  by  the  abrupt  contraction  of  crude 
anatomical  groups  of  muscles,  but  by  the  contraction  of 
portions  of  muscles,  perhaps  even  single  fibres  or  small 
bundles  of  fibres,  while  the  rest  remain  relaxed.  The 
excitation  may  gradually  wax  and  wane  as  the  different 
stages  of  the  movement  require.  Antagonistic  muscles 
may  be  called  into  play  to  balance  and  tone  down  a  con- 
traction which  might  otherwise  be  too  abrupt. 

A  most  interesting  illustration  of  this  process  of  *  give  and  take ' 
between  opposing  muscles  has  been  recently  reported  by  Sherrington. 
In  the  cortex  cerebri,  as  we  shall  see  (pp.  658,  662),  there  is  an  area 
in  the  frontal  region,  and  another  in  the  occipital  ^e^ion,  stimulation 
of  which  gives  rise  to  conjugate  deviation  of  the  eyes — that  is,  rotation 
of  both  eyes — to  the  opposite  side.  Sherrington  divided  the  third  and 
fourth  cranial  nerves  in  monkeys — say  on  the  left  side.  The  ex- 
ternal recti,  which  are  supplied  by  the  sixth  nerve,  caused  now  by 
their  unopposed  contraction  external  squint  of  the  left  eye.  When 
either  of  the  cortical  areas  referred  to,  or  even  the  subjacent  portion 
of  the  corona  radiata,  was  stimulated  on  the  left  side,  both  eyes 
moved  tovrards  the  right,  the  left  eye,  however,  only  reaching  the 
middle  line—that  is,  the  position  in  which  it  looked  straight  forward. 
The  same  thing  was  observed  when  the  animal,  after  complete  re- 
covery from  the  operation,  was  caused  to  voluntarily  turn  its  eyes  to 
the  right  by  the  sight  of  food  Here  an  inhibitory  influence  must  have 
descended  the  fibres  of  the  abducens,  the  only  nervous  path  couuccted 
with  the  extrinsic  muscles  of  the  left  eye,  and  the  i(;\axa.'Vvoxv  qI  '^^Xft^ 
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external  rectus  must  have  kept  accurate  step  with  the  contraction  of 
the  internal  rectus. 

Standing. — In  the  upright  posture  the  body  is  supported 
chiefly  b}*  non-muscular  structures,  the  bones  and  ligaments. 
But  muscles  also  play  an  essential  part,  for  it  is  only 
peculiarly-^fted  individuals  like  some  of  the  fishermen  of 
the  North  Sea  who  can  go  to  sleep  on  their  feet,  and  a  dead 
body  cannot  be  made  to  stand  erect.  The  condition  of- 
equilibrium  is  that  the  perpendicular  dropp>ed  from  the 
centre  of  gravity  to  the  ground  should  fall  within  the  base 
of  support — that  is,  within  the  area  enclosed  by  the  outer 
borders  of  the  feet  and  lines  joining  the  toes  and  heels 
respectively.  The  centre  of  gravity  alters  its  position  with 
the  position  of  the  body,  which  tends  to  fall  whenever  the 
perpendicular  cuts  the  ground  beyond  the  base  of  support. 

The  centre  of  gravity  of  the  head  is  a  little  in  front  of  the 
vertical  plane  passing  through  the  occipital  condyles.  A 
slight  degree  of  contraction  of  the  muscles  of  the  nape  of 
the  neck  is  required  to  balance  it.  When  these  muscles  are 
relaxed,  as  in  sleep,  the  head  must  fall  forward,  and  this  is 
the  reason  why  Homer  or  any  lesser  individual  nods.  In 
animals  which  go  upon  all  fours,  none  of  the  weight  of  the 
head  btars  directly  upon  the  occipito-atloid  articulation; 
its  support  by  muscular  action  alone  would  be  an  intolerable 
fatigue,  and  the  ligamentum  nucha?  is  specially  strengthened 
to  hold  it  up. 

The  vertebral  column  is  kept  erect  by  the  ligaments  and 
muscles  of  the  back.  The  centre  of  gravity  of  the  trunk 
lies  between  the  ensiform  cartilage  and  the  eighth  or  tenth 
dorsal  vertebra.  The  perpendicular  dropped  from  it  passes 
a  little  behind  the  horizontal  line  joining  the  two  acetabula  ; 
but  the  body  is  prevented  from  falling  backward  by  the 
tension  of  the  ileo-femoral  ligament  and  the  fascia  lata,  and 
perhaps  by  slight  contraction  of  some  of  the  muscles  on  the 
front  of  the  thigh.  The  perpendicular  let  fall  from  the  centre 
of  gravity  of  the  whole  of  the  body  above  the  knee  passes 
very  slightly  behind  the  axis  of  rotation  of  that  joint,  so 
that  but  litde  muscular  action  is  required  to  keep  the  knee- 
joints  rigid.    The  whole  weight  of  the  body  is  finally  trans- 
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^■M  to  the  astragalus  on  each  side,  the  perpendicular  from 
^Keentre  of  gravity  of  the  whole,  which  is  situated  near  the 
Hb^ral  promontor}',  falling  a  little  in  front  of  these  bones. 
Bjr  means  of  the  muscular  sense,  and  the  tactile  sensations 
Wet  up  by  the  pressure  of  the  soles  on  the  ground,  alterations 
Jo  the  position  of  the  centre  of  gravity,  and  consequent 
deviations   of  the   perpendicular    passing   through   it,    are 
detected,  and  equilibrium  is  maintained  by  adjustment  of  the 
amount  of  contraction  of  this  or  the  other  muscular  group. 
In  standing  at  '  attention,'  the  heels  are  close  together, 
the  legs  and  back  straightened  to  the  utmost,  and  the  head 
erect ;    the   weight   falls   equally   upon   both   legs,   but   the 
advantage  is  much  more  than  counterbalanced  by  the  con- 
siderable muscular  exertion  required  to  maintain  this  more 
ornamental   than  useful   position.     In    *  standing  at   ease,' 
practically  the  whole  weight  is  supported  by  one  leg,  the 
perpendicular  from   the   centre  of  gravity  passing  through 
the  knee  and  ankle-joints.    The  centre  of  gravity  is  brought 
over  the  supporting  leg  by  flexure  of  the  body  to  the  cor- 
responding side,  and  comparatively  little  muscular  effort  is 
required.     The  other  foot  rests  lightly  on  the  ground,  the 
weight  of  the  leg  itself  being  almost  balanced  by  the  atmo- 
spheric pressure  acting  upon  the  air-tight  and  air-free  cavity 
of  the  hip-joint.     The  light  touch  of  this  foot  varies  slightly 
from  time  to  time,  so  as  to  maintain  equilibrium. 

When  the  arms  or  head  are  moved,  or  the  body  swayed, 
the  centre  of  gravity  is  correspondingly  displaced,  and  it  is 
by  such  movements  that  tight-rope  dancers  continue  to  keep 
the  perj>endicular  passing  through  it  always  within  the  narrow 
base  of  support. 

In  iittingt  the  base  of  support  is  larger  than  in  standing, 
and  the  equilibrium  therefore  more  stable.  The  easiest 
posture  in  sitting  without  support  to  the  back  or  feet  is  that 
in  which  the  perpendicular  from  the  centre  of  gravity  passes 
through  the  horizontal  line  joining  the  two  tubera  ischii. 

Locomotion. — In  walking,  the  legs  are  alternately  swung 
forward  and  rested  on  the  ground.  In  military  marching, 
it  is  directed  that  toe  and  heel  be  simultaneously  set  down. 
Sat  with  most  persons  the  swinging  iool  ?it?>V  ^t\Vfts,  N^^t 
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ground  by  the  heel;  then  the  sole  comes  down,  the  heel 
rises,  the  leg  is  extended,  and.  with  a  parting  push  from  the 
toe,  the  leg  again  swings  free.  By  Ihis  manoeu%Te  the  body 
is  raised  vertically,  tilted  to  the  opposite  side,  and  also  poshed 
in  advance.  ^H 

The  forward  swing  of  the  leg  is  only  slightly,  if  at  aB^ 
due  to  muscular  action  ;  it  is  more  like  the  oscillation  of  a 
pendulum  displaced  behind  its  position  of  equilibrium,  and 
swinging  through  that  position,  and  in  front  of  it,  under  the 
influence  of  gravity.  For  this  reason  the  natural  pace  of  a 
tall  man  is  longer  and  slower  than  that  of  a  short  man  ;  bet 
it  may  be  modified  by  voluntary  effort,  as  when  a  rank  of 
soldiers  of  different  height  keeps  step. 

The  lateral  swing  of  the  body  is  illustrated  by  the  ever)- 
day  experience  that  two  persons  knock  against  each  other 
when  they  try  to  walk  close  together  without  keeping  step. 
In  step,  both  swing  their  bodies  to  the  same  side  at  the 
same  moment,  and  there  is  no  jarring. 

Even  in  the  fastest  walking  there  is  a  short  time  durioi,' 
which  both  feet  are  on  the  ground  together,  the  one  leg  not 
beginning  its  swing  until  the  other  foot  has  been  set  down. 
In  running,  on  the  other  hand,  there  is  an  interval  during 
which  the  body  is  completely  in  the  air. 

Functions  of  the  Cerebral  Cortex. — When  an  animal,  like  a 
frog,  is  deprived  of  its  cerebral  hemispheres,  the  power  of 
automatic  voluntary  movement  appears  to  be  definitively 
and  entirely  lost.  The  animal,  as  soon  as  the  effects  of  the 
anaesthetic  and  the  shock  of  the  operation  have  passed  away, 
draws  up  its  legs,  erects  its  head,  and  assumes  the  charac- 
teristic position  of  a  normal  frog  at  rest.  So  close  may  be 
the  resemblance,  that  if  all  external  signs  of  the  operation 
have  been  concealed,  it  may  not  be  possible  to  tell  merely 
by  inspection  which  is  the  intact  and  which  the  '  brainless ' 
frog.  The  latter  will  jump  if  it  be  touched  or  otherwise 
stimulated.  It  will  croak  if  its  flanks  be  stroked  or  gently 
squeezed  together.  It  will  swim  if  thrown  into  water.  If 
placed  on  its  back,  it  will  promptly  recover  its  normal 
position.  But  it  will  do  all  these  things  as  a  machine  would 
do  them,  without  purpose,  without  regard  to  its  environ- 
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ment,  with  a  kind  of  *  fatal '  regularity.  Every  time  it  is 
stimulated  it  will  jump»  every  time  its  flanks  are  squeezed  it 
will  croak,  and,  in  the  absence  of  all  stimulation,  it  wilt  sit 
still  till  it  withers  to  a  mummy,  even  by  the  side  of  the 
water  that  might  for  a  time  preserve  it. 

A  Menobranchus,  without  its  cerebral  hemispheres,  will, 
like  the  frog — immediately  after  the  operation,  at  any  rate 
— refuse  to  lie  on  its  back.  On  stimulation  it  moves  its 
feet  or  tail,  or  its  whole  body;  but  if  not  interfered  with,  it 
lies  for  an  indefinite  time  in  the  same  position.  Its  gills 
are  seen  to  execute  rhythmic  movements,  which  never 
Slop,  and  rarely  slacken,  except  for  an  instant,  when  some 
part  of  the  skin,  particularly  in  the  region  of  the  head,  is 
mechanically  or  electrically  stimulated.  The  normal  Meno- 
branchus.  on  the  other  hand,  lies  for  long  periods  with  its 
gills  at  perfect  rest,  and  when  stimulated  moves  for  a  con- 
siderable distance.  After  a  time,  two  months  or  more,  it  is 
true  the  brainless  frog,  if  it  be  kept  alive,  as  may  be  done  by 
careful  attention,  will  recover  a  certain  portion  of  the  powers 
which  it  has  lost  by  removal  of  the  cerebral  hemispheres; 
and,  indeed,  the  longer  it  lives,  the  nearer  it  approximates 
to  the  condition  of  a  normal  frog.  Even  in  the  pigeon  the 
loss  of  the  hemispheres,  which  at  tirst  induces  a  state  of 
profound  and  seemingly  permanent  and  hopeless  lethargy, 
is  to  a  great  extent  compensated  for,  as  time  passes  on,  by 
the  unfolding  in  the  lower  centres  of  capabilities  previously 
dormant,  undeveloped,  or  suppressed.  In  the  dog,  as  might 
be  expected  from  its  greater  intellectual  development,  recovery 
is  more  imperfect  than  in  the  bird,  much  more  imperfect 
than  in  the  frog.  But  even  in  the  dog  wonderful  resources 
lie  hidden  in  the  grey  matter  of  the  central  neural  axis,  and 
are  called  forth  by  degrees  to  replace  the  lost  powers  of  the 
cerebral  cortex.  It  is  true  that  a  '  brainless  '  dog  is  a  less 
efficient  animal  than  a  brainless  hsh,  or  even  than  a  brain- 
less frog ;  but  in  favourable  cases  even  in  the  dog,  the  move- 
ments of  walking  may  still  be  carried  out  with  tolerable 
precision  in  the  absence  of  the  cerebral  hemispheres.  The 
animal  can  swallow  food  pushed  well  back  \u\.o  \.\\&  \svQ>i.'Ca, 
altbougb  it  cannot  feed  itself.     Stupid  and  \\sX\ftss  ^s  A  Ss 
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compared  with  the  normal  dog,  it  seems  to  be  by  no  means 
devoid  of  the  power  of  experiencing  sensations  as  the  result 
of  impressions  from  without,  nor  of  carr>'ing  on  many  mentat 
operations  of  a  low  intellectual  grade. 

Goltz  had  a  dog  which  lived  more  than  a  year  and  a  half  without 
its  cerebral  hemispheres,  and  another  which  lived  thirteen  weeks. 
He  believes  that  they  had  lost  understanding,  reflection,  and  memoty, 
but  not  sensation,  special  or  general,  nor  emotions  and  voluntary 
power.  Their  condition  may  be  best  described  as  one  of  general 
imijecilily.  Hunger  and  thirst  are  present.  They  experience  satis- 
faction when  fed,  become  angry  when  attacked,  see  a  very  brigfai 
liglu,  avoid  obstacles,  hear  loud  sounds*  such  as  those  produced  b>-  a 
fog-horn,  and  can  be  awakened  by  them.  They  are  not  completely 
deprived  of  sensations  of  taste  and  touch.  But  it  ought  10  be  re- 
membered that  the  inierpreiation  of  the  objective  signs  of  sensation 
in  animals  is  beset  with  difficulties  ;  and  although  everybody  admits 
the  accuracy  of  Golt/'s  description  of  what  is  to  be  seen,  bis  inter* 
pretation  of  the  facts  has  been  severely  criticised,  particularly  by 
H.  Munk. 

To  the  monkey  it  is  probable  that  the  loss  of  the  cerebral 
hemispheres  is  a  heavier  and  more  irremediable  blow  than 
to  the  dog. 

We  see,  then,  that  homologous  organs  are  not  necessarily, 
nor  indeed  usually,  of  the  same  physiological  value  in  different 
kinds  of  animals.  A  loss  which  perhaps  hardly  narrows  the 
range  of  the  psychical,  and  certainly  restricts  only  to  a  slight 
extent  the  physical  powers  of  a  fish,  cuts  off  from  the  dog^a 
great  part,  from  the  monkey  almost  all,  of  its  intellectual 
life,  and  is  in  man  incompatible  with  life  altogether. 

The  results  of  the  removal  of  the  entire  cerebral  hemi- 
spheres help  us  to  fix  their  position  as  a  whole  in  the 
physiological  hierarchy.  A  more  minute  analysis  shows  us 
that  the  cerebral  cortex  itself  is  not  homogeneous  in  function, 
that  certain  regions  of  it  have  been  set  aside  for  special 
labours.  Our  knowledge  of  this  localization  of  function  in 
the  cerebral  cortex  has  been  derived  partly  from  clinical, 
coupled  with  pathological  observations  on  man,  and  partly 
from  the  results  of  the  removal  or  stimulation  of  definite 
areas  in  animals.  And  so  varied  and  extensive  have  been 
the  contributions  from  both  of  these  sources,  that  it  is 
diSicuh  to  decide  to  which  we  owe  most. 
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It  is  z  fact  which  might  appear  strange  and  almost  inexplicable  did 
ibchislorj*  of  science  not  constantly  present  us  with  the  like,  that  a 
'[tuner  of  a  centur)'  ago  the  universal  opinion  among  physiologists, 
pathologists,  and  physicians  was  that  the  cerebral  cortex  is  inexcitable 
10 artificial  stimuli,  that  no  visible  response  can  be  obtained  from  it. 
The  great  names  of  Flourcns  and  Magendie  stood  sponsors  for 
tbls  error,  and  repressed  research.  In  1870,  however,  Hiizig  had 
occision  to  pass  a  voltaic  current  through  the  brain  of  a  soldier 
wounded  in  the  war  with  Krance,  and  observed  that  movements  of 
the  eyes  were  produced,  and,  along  with  Fritsch.  he  entered  on  a 
series  of  expermients,  These  observers  were  rewarded  by  finding 
that  not  only  was  it  possible  to  elicit  muscular  contractions  by  stimu- 
Ution  of  the  cortex  of  the 
brain  in  the  dog  with  vol- 
uic  currents,  but  thai  the 
excitable  area  occupied  a 
definite  region  intheneigh- 
bourhood  of  the  cr\jcial 
Mllcu<^  which  lies  over  the 
convexity  of  the  hemi- 
spheres nearly  at  right 
angles  to  the  longitudiiial 
fissure.  Id  this  region  they 
were  further  able  to  isolate 
several  distinct  areas,  stim- 
ulation of  which  was  fol- 
lowed by  movements  re- 
spectively of  the  head,  face, 
neck,  hind-leg,  and  fore- 
ICR.  This  was  the  starting- 
point  of  a  long  series  of  re- 
searches by  Ferrier,  Munk, 
Horsley,  Schafer,  Hciden- 
hain,  and  many  others,  on 
the  brains  of  monkeys  as 
well  as  dogs — researches 
which  have  formed  the 
basis  of  an  exact  conical  localization  in  the  brain  of  man,  and 
have  enriched  surgery  with  a  new  province.  In  these  later  experi- 
ments the  interrupted  cunent  from  an  induction  machine  has  been 
found  the  most  suitable  form  of  stimulus  ^see  *  Practical  Exercises,' 
p.  6fit). 

Motor  Areas. — Lying  around  the  fissure  of  Rolando,  and 
lappin;^:  over  on  the  mesial  surface  of  the  hemisphere  in  this 
region,  are  the  so-called  motor  areas  (Figs.  216,  217,  218). 
They  occupy  the  whole  of  the  ascending  frontal  and  parietal 
convo]vtions,  running  fonvard  a  little  into  the VvoniouV^^tWiV2\ 


Fic  215.— MoTOK  Areas  of  Dog's  Brais. 

w.  neck  :/./..  fore-limb:  A./.,  htnd-limb:  /.tail  ; 
/,  face ;  c.t- ,  cmcial  sulcus  ;  e.m.,  eye  movemenUi. 
All  the  ureas  are  marked  in  ihe  ^Eure  only  on  the 
Ml  »ide  exctpc  the  eye  areas,  whose  posluon.  to 
avoid  coufiuioo,  is  indicated  on  the  right  hetni- 
iphere. 
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convolutions,  backward  a  little  into  the  superior  parietal  cod* 
volution,  and  turning  over  on  the  mesial  surface  into  the 
marginal  convolution.  Highest  of  all  on  the  convexity  of 
the  hemisphere  lies  the  area  of  the  leg ;  below  this,  in  order, 
the  areas   for  the  face,   mouth,  pharynx,   and   larynx.     In 


CVLVIAN 
FISSURE 


Fig.  ai6.— Lateral  View  of  Left  Hemisphere  (Man).  vriTU  Motor 
Sensory  Areas. 

The  from  of  ihe  bruia  is  lowardi  ibe  left 

front  of  the  leg  and  arm  areas  lies  the  area  of  the  head, 
neck,  and  eyes,  passing  out  into  the  posterior  portions  of 
the  first  and  second  frontal  convolutions.  On  the  mesial 
surface  in  the  marginal  convolution  He  areas  for  the  head, 
arm,  trunk,  and  leg  in  order  from  before  backwards. 

It  is  to  be  particularly  noted  (I)  that  within  the  larger 
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areas,  such  as  those  of  the  arm  and  leg,  smaller  foci  can  be 
mapped  off  which  are  related  to  movements  of  the  separate 
joints — thus,   in   the  leg  area,   the   hip,    knee,   and  ankle 


Fig.  ai7.— Ckrbiral  Cortex  (Man|  sekn  from  abovr. 
TtK  front  of  the  brain  is  towards  the  right.     The  dotted  line  shows  the  position  of 
the  fiuureof  Rolando,  as  fived  by  Hune's  rule  (p.  66t). 

joints,  and  the  great  toe,  are  represented  by  separate  ana 
special  centres ;  {2)  that  stimulation  of  any  one  of  these 
areas  leads,  not  to  contraction  of  individual  muscles,  but  to 


L 


Fic.  ai8.— Motor  and  Sensory  Areas  op  M&sial  Surface  op  Human  Braim. 
The  froDt  of  the  brain  Is  towards  the  left. 

contraction  of  muscular  groups  which  have  to  do  with  the 
execution  of  definite  movements. 
Removal  of  the  whole  of  the  motor  cortex  of  oae  IwAav- 
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Sphere  causes  paralysis  of  movement  on  the  opposite  side 
of  the  body.  The  paralysis  is  less  marked  in  the  case  of 
bilateral  muscles  that  habitually  act  together  than  in  the 
case  of  those  which  ordinarily  act  alone.  Thus  the  muscles 
of  respiration  and  the  muscles  of  the  trunk  in  general  are. 
although  perhaps  weakened,  never  completely  paralyzed. 
This  is  an  indication  that  each  member  of  such  functional 
pairs  of  muscles  is  innervated  from  both  hemispheres  ;  and 
this  physiological  deduction  is  supported  by  the  anatomical 
fact  already  referred  to,  that  after  removal  of  the  motor 
cortex,  or  injury  to  the  pyramidal  tracts  in  the  internal 
capsule  or  crus,  some  degeneration  is  found  in  the  crossed 
pyramidal  tract  on  the  side  of  the  lesion,  as  well  as  in  the 
anterior  pyramidal  tract  on  that  side  and  the  opposite 
crossed  pyramidal  tract  (p.  604).  It  was  supposed  by  some 
that  these  fibres  are  really  rccrosstd,  i.e.,  have  decussated 
twice — once,  perhaps  in  the  medulla  oblongata,  and  again 
at  a  lower  level  in  the  cord  ;  but  this  view  has  since  been 
modified  (p.  606)- 

Removal  of  a  single  motor  region  leads  to  paralysis  only 
of  the  corresponding  limb,  or  part  of  a  limb,  on  the  opposite 
side.  In  the  dog  after  a  time  the  paralysis  may  more  or 
less  completely  disappear,  the  loss  of  the  cortical  centres  on 
one  side  being  perhaps  compensated  by  increased  activity 
of  those  that  are  left.  In  the  monkey  restoration  is  much 
less  complete  ;  in  man  it  probably  never  occurs. 

The  movements  with  which  the  motor  areas  are  con- 
cerned are  essentially  skilled  movetnents,  and  we  may  sup- 
pose that  it  is  more  difficult  for  a  monkey  to  educate  a^ain 
a  centre  for  such  complex  and  elaborate  manoeuvres  as  are 
performed  by  its  hand  than  for  a  dog  to  regain  cortical 
control  of  the  comparatively  simple  movements  of  its  paw. 

It  is  in  the  light  of  the  results  obtained  in  monke)^},  and  by  the 
aid  of  clinical  and  pathological  obsen-ations,  that  the  motor  areas  in 
man  have  to  a  great  extent  been  mapped  out  An  extensi\-e 
hemorrhage  tnvoUing  the  cerebral  cortex  on  both  sides  of  the  fissure 
of  Rolando,  or  an  embolus  blocking  the  middle  cerebml  artery, 
causes  paralj-sis  of  the  opposite  side  of  the  body.  An  embolus  of 
a  branch  of  the  middle  cerebral  artery  causes  paralysis  of  the  muscles, 
or  rather  movements,  represented  in   the  area  supplied  by  it     A 
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Eises  symptoms  of  iirilation,  motor  or  sensory — con- 
jinning  in,  or  an  aura  referred  to,  the  parts  represented 
„  IS  on  which  it  presses.  In  connection  with  the  localisa- 
tion of  lesions  in  the  motor  area  of  the  cortex,  and  operative  inter- 
ference for  iheir  cure,  the  exact  position  of  the  fissure  of  Rolando 
becomes  important ;  and  Thane  has  given  the  following  simple 
method  for  fixing  it :  The  distance  from  the  root  of  the  nose  to  the 
occipital  protuberance  is  measured  with  a  tape.  The  upper  end  of 
the  fissure  of  Rolando  lies  half  an  inch  behind  its  middle  point. 
The  fissure  makes  an  angle  of  67^  with  the  longitudinal  fissure 
(Fig.  217). 

When  we  have  deducted  from  the  cortex  of  the  hemi- 
sphere the  whole  Rolandic  area,  there  still  remains  a  larpe 
portion  unaccounted  for.  The  greater  part  of  the  frontal 
lobe  anterior  to  the  ascending  frontal  convolution  responds 
to  stimulation  by  neither  motor  nor  sensor>'  sign  ;  and  by  a 
process  of  exclusion  it  has  been  supposed  that  it  is  the  seat 
of  intellectual  processes.  Extensive  destruction  and  loss  of 
substance  of  this  pre-fronial  region  may  occur  without  any 
marked  symptoms,  except  some  restriction  of  mental  power 
or  loss  of  moral  restraint.  Thus  in  the  famous  '  American 
crowbar  case/  an  iron  bar  completely  transfixed  the  left 
frontal  lobe  of  a  man  engaged  in  blasting.  Although 
Stunned  for  the  moment,  he  was  able  in  an  hour  to  climb  a 
long  flight  of  stairs,  and  to  answer  the  inquiries  of  the 
surgeon.  Finally,  he  recovered,  and  lived  for  nearly  thirteen 
years  without  either  sensory  or  motor  deficiency,  except  that 
he  suffered  occasionally  from  epileptic  convulsions.  But  his 
intellect  was  impaired  ;  he  became  fitful  and  vacillating, 
profane  in  his  language,  and  inefficient  in  his  work,  although 
previously  decent  in  conversation  and  a  diligent  and  capable 
workman. 

Bantory  Areas— Visual  Centres. — In  the  occipital  lobe  an 
area  of  considerable  extent  has  been  found,  destruction  of 
which  causes  hemianopia.  i.^,  loss  of  vision  in  the  correspond- 
ing halves  of  the  retinse.  Thus,  if  the  right  occipital  cortex 
is  destroyed,  the  right  halves  of  the  two  retinie  are  paralyzed, 
and  the  left  half  of  the  field  of  vision  is  a  blank.  Destruc* 
lion  of  this  region  on  both  sides  causes,  according  to  Munk, 
complete  blindness,  Ferrier  believes  that  tot  \K\s  \V  >a 
necessary  that  the  angular  gyrus  shou\d  a\so  \>e  \e?»Xxo^^^- 


Whea  the  same  region  is  stimulated,  the  eyes  and  head  are 
turned  to  the  left — that  is,  to  the  opposite  side.  The  move- 
ments differ  from  those  produced  by  stimulation  of  the 
Rolandic  area.     They  are  not  so  certain,  their  latent  period 

is  longer,  and  they  are 
considered  to  be  not 
direct,  but  reflex 
movements.  It  can- 
not be  doubted  that 
the  occipital  region 
is  concerned  in  vision, 
and  it  is  a  very 
natural  suggestion 
that  the  movements 
are  the  result  of  visual 
sensations  in  the  ex- 
cited occipital  cortex. 
The  right  occipital 
lobe  is  concerned  with 
vision  in  the  right 
halves  of  the  two  re^fl 
tins.  Now,under  nor- 
mal  conditions  a 
visual  image  would  t>e 
cast  on  the  two  right 
retinal  halves  by  an 
object  placed  towards 
the  left  of  the  field. 
The  movements  of 
the  hejid  and  eyes  to  the  left  may  therefore  be  plausibly 
explained  as  an  attempt  to  look  at,  and  a  rotation  towards, 
the  supposed  object.  h 

The  pathological  evidence  is  very  clear  that  disease  of  the  occipital  ™ 
lobe,  es[>edally  of  the  cuneus,  causes  hemianopia  in  man.     A  limited 
lesion  may  even  be  associated  with  an  incomplete  hemianopia,  and 
cases  have  been  recorded  in  which  colour  hemianopia  (blindness  of 
the    corresponding   halves  of  the  two  retina?  for  coloured  objects)   h 
existed  with  normal  vision  for  while  light.     Sometimes  dimness  of  fl 
vision  in  the  opposite  eye  (crossed  amblyopia),  and  not  hemianopia,  is      ' 
caused  by  a  lesion  of  the  occipital  cortex.    It  seems  impossible  to 


Fig.  2ig.— Diagram  uk  KtiLATioxb  oi-  Occi- 
pital Cortex  to  the  Retina- 

RO,  IX),  right  And  Icfi  occipital  conex ;  RE, 
I-E.  right  and  left  rciina  ;  C.  opiic  chja5m.i  ;  KF. 
LF.  riglit  nnd  left  visual  fields.  The  coniinuou3 
lines  passing  back  Trom  the  rciinn;  to  Ibc  occipital 
cortex  represent  (lie  crossed,  the  broken  lines  (he 
uncrossed,  fibres  of  the  opiic  nerves  and  irncts. 
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€tplain  this  and  other  facts  without  postulating  the  existence  of  more 
than  one  visual  centre  in  the  occipital  lobe  ;  and  it  has  been  supposed 
that  in  the  angular  gyrus  a  higher  visual  centre  exists  which  is  con- 
nected with  the  lower  occipital  centres  for  the  two  halves  of  the 
opposite  eye.  Thus,  the  right  angular  gyrus  would  be  in  connection 
with  the  pari  of  the  right  occipital  cortex  which  has  to  do  with  vision 
in  ihe  nasal  half  of  the  left  eye,  and  with  the  part  of  the  left 
occipital  cortex  which  has  to  do  with  vision  in  the  temporal  half  of 
that  eye. 

Auditory  Centre. — On  the  outer  surface  of  the  temporo- 
sphenoidai  lobe,  in  the  first  and  second  temporal  convolu- 
tions, lies  an  area  supposed  to  be  associated  with  the  sense 
of  hearing.  Stimulation  in  the  region  of  the  first  temporal 
convolution  may  cause  the  animal  to  prick  up  its  ear  on  the 
opposite  side.  Destruction  of  this  area  is  followed,  accord- 
ing to  some  observers,  by  complete  and  irremediable  loss  of 
hearing.  According  to  others  it  has  no  such  effect.  In  deaf- 
mutes  the  first  temporal  convolution  may  be  atrophied. 
There  is  some  evidence  that  the  posterior  corpora  quadri- 
gemina  and  the  mesial  geniculate  body  form  an  inferior 
relay  on  the  route  between  the  fibres  of  the  auditory  nerve 
and  the  temporal  cortex. 

Centre  for  Smell. — As  to  the  position  of  the  centre  for  smell, 
direct  experiment  on  animals  cannot  teach  us  much,  for  if 
the  outward  tokens  of  visual  and  auditory  sensations  are 
dubious  and  fiuctuating,  still  more  is  this  the  case  with  the 
signs  of  sensations  of  smell.  .-V  further  source  of  fallacy  is 
the  fact  that  other  sensations  than  those  of  smell  are  caused 
by  stimulation  of  the  mucous  membrane  of  the  nose.  Sub- 
stances like  ammonia,  for  example,  affect  entirely  the  endings 
of  the  trigeminus,  which  is  the  nerve  of  common  sensation 
for  the  nostrils.  Pathological  and  clinical  evidence  would  be 
of  great  value,  but  it  is  as  yet  scanty,  and  of  itself  indecisive. 
So  far  as  it  goes,  however,  it  undoubtedly  supports  the  view 
derived  from  the  anatomical  connections  of  the  olfactory 
tracts,  that  the  centre  for  smell  is  situated  in  the  uncinate 
gyrus  on  the  mesial  aspect  of  the  temporal  lobe,  for  the 
olfactory  tract  may  be  traced  into  this  region.  In  animals 
with  a  very  acute  sense  of  smell,  this  gyrus  is  magnified  into 
a  veritable  Jobe,  caJJcd  from  its  shape  \\\e  \>^t\\cit\:ft  V^^i^\ 
from  its  supposed  /unction,  the  rhinencev^^Aotv, 
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Ordinary  Bensatioa  and  in  part  tactile  leosation  are  located 
on  the  mesial  surfaces  of  the  hemispheres — by  Ferrier  in  the 
hippocampal  convolution,  by  Schafer  and  Horsley  in  the 
gyrus  fornicatus.  But  whatever  may  be  the  truth  in  this 
matter,  it  v^'ould  appear  that  this  is  not  the  only  region 
where  ordinary  sensation  is  represented.  For  example,  it  is 
practically  certain  that  the  Rolandic  area  has  sensory  as 
well  as  motor  functions. 

We  have  seen  that  pathological  evidence  in  man  agrees, 
upon  the  whole,  with  wonderful  precision  with  the  results  of 
experiments  on  animals ;  and,  indeed,  before  any  experi- 
mental evidence  of  the  minute  and  elaborate  subdivision  of 
the  cortex  had  been  obtained,  Broca  had  already,  from  the 
phenomena  of  the  sick-bed  and  the  post-mortem  room» 
located  a  centre  for  speech  in  the  left  inferior  frontal  con\*o- 
lution,  and  Hughlings  Jackson  had  associated  pathological 
lesions  of  the  Rolandic  area  with  certain  cases  of  epilepti- 
form convulsions. 

Aphasia. — In  most  persons  the  inferior  frontal  convolution 
on  the  left  side  is  concerned  in  the  expression  of  ideas  in 
spoken  or  written  language.  It  is  even  said  that  oratorical 
powers  have  been  found  associated  with  marked  development 
of  this  convolution  (as  in  the  case  of  Gambetta,  the  French 
statesman).  Words  are,  at  bottom,  arbitrary  signs  by  which 
certain  ideas  are  expressed.  The  power  of  intelligent  com- 
munication by  spoken  or  written  language  may  be  lost : 
(i)  by  paralysis  of  the  muscles  of  articulation  or  the 
muscles  which  guide  the  pen  ;  (2)  by  inability  to  hear  or 
see  the  spoken  or  written  word,  i.e.,  by  deafness  or  blind- 
ness ;  (3)  by  inability  to  comprehend  the  meaning  of  spoken 
or  written  language,  although  sensations  of  hearing  and 
sight  may  not  be  abolished — that  is  to  say,  by  inability  to 
interpret  the  auditory  or  visual  symbols  by  which  ideas  are 
conveyed  ;  (4)  by  inability  to  clothe  ideas  in  words,  although 
the  ideas  conveyed  by  speech  or  writing  may  be  perfectly 
comprehended.  Neither  (i)  nor  (2)  is  considered  to  con- 
stitute the  condition  of  aphasia;  (3)  represents  what  is 
called  amnesia,  or  sensory  aphasia ;  (4)  is  aphasia  in  the 
ordinary  restricted  sense,  or  motor  aphasia.    In  motor  aphasia 
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"patient  understands  quite  well  what  is  said  to  him, 
also  knows  quite  well  what  to  reply,  but  the  words 
necessary  to  express  his  meaning  do  not  come  to  him.  He 
lakes  no  answer  whatever,  or  strings  together  a  series  of 
rords  each  correctly  articulated  but  having  no  meaning,  or 
ters  a  jargon  not  composed  of  known  words  at  all.  The 
lilure  does  not  lie  in  the  articulatory  mechanism.  The 
itient  uses  the  same  muscles  of  articulation,  without  any 
Ign  of  impairment  of  function,  for  chewing  and  swallowing 
lis  food.  He  may  sometimes  sing  a  song  without  a  single 
ip  in  words  or  measure,  and  yet  be  unable  to  speak  or 
mte  it.  In  certain  cases  the  change  is  confined  to  loss 
of  the  power  of  spontaneous  speech,  and  the  patient  may  be 
able  to  read  intelligently.  Sometimes  he  can  express  his 
ideas  in  speech  but  not  in  writing  (agraphia).  Sometimes 
the  loss  is  restricted  to  certain  sets  of  ideas.  For  example, 
a  boy  was  injured  by  falling  on  his  head.  Typical  symptoms 
of  motor  aphasia  developed,  but  the  power  of  dealing  with 
ideas  of  number  was  not  interfered  with,  and  the  boy 
continued  to  learn  arithmetic  as  if  nothing  had  happened. 
Proper  names  and  nouns  are  more  easily  lost  ihan  adjec- 
tives and  verbs.  Motor  aphasia  is  generally  accompanied 
by  paralysis,  frequently  transient,  of  voluntary  movement 
on  the  right  side,  sometimes  amounting  to  complete  hemi- 
plegia, but  more  often  involving  the  arm  or  the  head  and 
face  alone.  This  association  is  explained  by  the  proximity 
of  the  inferior  frontal  convolution  to  the  motor  areas  of  the 
arm  and  head,  and  their  common  blood-supply. 

Why,  now,  is  it  that  motor  aphasia  is  commonly  due  to  a 
lesion  in  the  left  hemisphere  alone  ?  The  answer  to  this 
question  is  partly  supplied  by  the  important  and  curious 
observation  that  in  left-handed  individuals  damage  to  the 
right  inferior  frontal  convolution  may  cause  aphasia.  In 
the  right-handed  man  the  motor  areas  of  the  left  hemi- 
sphere may  be  supposed  to  be  more  highly  educated  than 
those  of  the  right  hemisphere.  The  movements  of  the 
right  side  which  they  initiate  or  control  are  stronger  and 
more  delicate  and  precise  than  those  of  the  left  side.  It  \^ 
only  necessary  to  assume  that  this  process  o^  s\^&c^^\^'a^Aati, 
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of  selective  training,  has  been  carried  on  to  a  still 
extent  in  the  left  frontal  convolution,  that  in  raost  men  the 
speech-centre  there  has  taken  upon  itself  the  whole  of  the 
labour  of  clothing  ideas  in  words,  leaving  to  the  right  centre 
only  its  primitive  but  undeveloped  powers.  In  left-handed 
persons  the  speech-centre  on  the  right  side  may  be  supposed 
to  share  in  the  general  functional  development  of  the  right 
hemisphere.  That  great  capabilities  are  lying  dormant  in  the 
right  speech-centre  of  the  ordinary  right-handed  individual, 
is  strongly  indicated  by  the  fact  that  after  complete  de- 
struction of  the  left  inferior  frontal  convolution  the  power 
of  speech  may  be  to  a  considerable  extent,  though  slowly 
and  laboriously,  regained  ;  but  the  proof  is  still  wanting  that 
this  second  accumulation  may  be  swept  away,  and  without 
remedy,  by  a  second  lesion  in  the  right  inferior  frontal 
convolution. 

Temporary  aphasia  may  occur  without  any  structural 
change  in  the  speech-centre,  for  example  during  an  attick 
of  migraine.  In  children  it  may  even  be  caused  by  some 
comparatively  slight  irritation  in  the  digestive  tract,  such  as 
that  due  to  the  presence  of  a  tape-worm. 

Sensory  Aphasia. — In  typical  motor  aphasia  the  person 
understands  quite  well  what  is  said  to  him.  Spoken  and 
written  words  have  to  him  their  ordinary  meaning,  and 
they  call  up  in  his  mind  the  usual  sequence  of  ideas,  but  the 
chain  is  broken  at  the  speech-centre,  and  the  outgoing  ideas 
cannot  be  clothed  in  words.  In  another  class  of  cases  the 
patient  may  be  perfectly  capable  of  rational  speech ;  he  may 
talk  to  himself  or  on  a  set  topic  with  fluency  and  sense,  bat 
he  may  be  unable  to  respond  to  a  question  or  read  a 
single  line  of  print.  Damage  to  two  regions  of  the  brail 
has  been  found  associated  with  this  strange  condition,  (i) 
the  occipital,  (2)  the  temporal  cortex.  When  the  lesion  is 
conHned  to  the  occipital  region  spoken  language  is  perfectly 
understood,  written  language  not  at  all.  When  the  temporal 
region  is  alone  affected  it  is  the  spoken  word  that  is  missed. 
the  written  that  is  understood.  Sensory,  like  motor  aphasia, 
may  exist  \n  auy  de?;cee  of  completeness,  from  absolute 
word-deafness   ot  vjox'i-NAMi.ixv^sb,  \w  n4\v\0&.  xvci  ^-^K^k^^ 
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printed  word  calls  up  any  mental  image,  to  a  condition  not 
amounting  to  much  more  than  a  marked  absence  of  mind 
or  unusual  obtuseness.  Sometimes  both  motor  and  sensory 
aphasia  may  be  present  together. 

Cortical  Epilepsy. — While  it  was  still  believed  that  the 
cortex  was  inexcitable,  epilepsy  was  supposed  to  be  ex- 
clusively due  to  morbid  conditions,  structural  or  functional, 
of  the  medulla  oblongata  (Kussmaul  and  Tenner).  Some 
more  recent  writers  have  put  forward  precisely  the  opposite 
opinion,  that  the  disease  is  always  cortical  in  origin  (Unver- 
richt,  etc.).  What  we  know  for  certain  is  that  some  cases,  but 
only  a  minority,  are  associated  with  lesions  in  the  Rolaudic 
area  (cortical  or  Jacksonian  epilepsy),  and  it  has  even  been 
found  possible  to  localize  the  position  of  the  lesion  from  the 
part  of  the  body  in  which  the  fit,  or  the  aura  (the  sensation 
or  group  of  sensations  peculiar  to  each  case,  which  precedes 
and  announces  it),  begins.  For  example,  if  the  convulsions 
commence  with  a  twitching  of  the  right  thumb  and  extend 
over  the  arm,  or  if  the  aura  consists  of  sensations  beginning 
in  the  thumb,  there  is  a  strong  presumption  that  the  seat 
of  the  lesion  is  the  part  of  the  arm-area  known  as  the 
*  thumb-centre'  in  the  left  cerebral  hemisphere.  It  is  the 
seat  of  the  convulsion  at  its  commencement,  not  the  regions 
to  which  it  may  afterwards  spread,  that  is  important  in 
diagnosing  the  position  of  the  lesion.  For  just  as  strong  or 
long-continued  stimulation  of  a  given  'centre'  of  the  motor 
cortex  may  give  rise  to  contractions  of  muscles  associated 
with  other  'centres,'  so  the  excitation  set  up  by  localised 
disease  may  spread  far  and  wide  from  its  original  focus, 
involving  area  after  area  of  the  Rolandic  region  first  in  the 
one  hemisphere  and  then  in  the  other.  The  part  of  the 
body  to  which  a  sensory  aura  is  referred  is  as  significant  an 
indication  of  the  seat  of  the  discharging  lesion  as  is  the 
part  of  the  body  which  first  begins  to  twitch.  And  this  is 
one  of  the  proofs  that  the  Kolandic  region  is  not  a  purely 
motor,  but  a  sensori-motor  area.  From  the  field  of  ex- 
periment further  evidence  is  forthcoming. 

(i)  It  has  been  found  that  if  the  posterior  roots  of  the 
nerves  supplying  one  of  the  limbs  be  cut  in  a  monkey,  all 
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^Ibe  motor  cortex  are  due  to  stimulation  of  the  grey  matter,  and  not, 
as  has  been  asserted,  of  the  white  fibres  of  the  corona  radiaia.  It  is 
andoubiedly  possible  to  excite  these  fibres  by  electrodes  directly 
applied  to  the  motor  cortex,  but  in  the  latter  case  the  current  lias 
to  be  made  stronger  than  is  sufticient  to  excite  the  grey  matter 
alone.  Further  evidence  is  afforded  by  the  following  facts:  (i)  The 
*pcnod  of  delay,'  that  is,  the  period  which  elapbes  between  stimula* 
bon  and  contraction,  is  greater  by  nearly  50  per  cent,  when  the 
cortex  is  stimulated  than  when  the  white  fibres  are  directly  excited. 
(a)  Morphia  greatly  increases  the  period  of  delay  for  stimulation  of 
the  cortex,  and  at  the  same  time  renders  the  resulting  contractions 
more  prolonged  than  normal,  while  the  results  of  direct  stimulation 
of  the  white  fibres  arc  much  less,  if  at  all.  affected.  (3)  Mechanical 
stimulation  of  the  motor  areas  also  causes  appropriate  movements. 
(4)  Stimulation  of  the  grey  matter,  when  separated  from  the  sub- 
jacent white  matter  by  the  knife  but  left  in  position,  is  without 
effect  unless  the  strength  of  stimulus  be  increased,  although  twigs  of 
the  current  ought,  of  course,  to  pass  into  the  corona  radiata  as  easily 
as  before. 

Evidence  that  the  phenomena  are  not  due  to  accidental  excitation 
of  the  corona  radiaia  is  a  fortiori  evidence  that  they  are  not  caused 
by  escape  of  current  to  the  basal  ganglia,  for  the  distance  of  the 
basal  ganglia  from  the  larger  part  of  the  motor  cortex  is  much 
greater  than  the  thickness  of  the  grey  matter  ;  and,  indeed,  that  portion 
of  the  grey  matter  at  the  bottom  of  the  Sylvian  fissure  which  lies 
nearest  to  the  basal  ganglia  does  not  respond  to  stimulation  by  motor 
eflfects. 

Localization  of  Fanction  In  the  Central  Nervous  Systom. — Let 
us  now  consider  a  little  more  closely  the  real  meanmg  of  this 
localization  of  function.  Scattered  all  over  the  grey  matter  of  the 
primitive  neural  axis,  and,  as  we  have  seen,  over  the  grey  mantle  of 
the  brain  as  well,  are  numerous  *centres'  which  seem  to  be  related 
in  a  special  way  to  special  mechanisms,  sensory,  secretory  or  motor. 
The  question  may  fitly  be  asked  whether  those  centres  are  really  dis- 
tinct from  each  other  in  quality  of  structure  or  action,  or  whether 
they  owe  their  peculiar  properties  solely  to  differences  in  situation 
and  anatomical  connection.  It  is  clear  at  the  outset  that  the  nature 
of  the  work  in  which  a  centre  is  engaged  must  be  largely  determined 
by  its  connections.  The  kind  of  activity  which  goes  on  in  the  vaso- 
motor centre  in  the  bulb,  for  example,  may  in  no  essential  respect 
differ  from  that  which  goes  on  in  the  respiratory  centre.  The  calibre 
of  the  bloodvessels  will  alter  in  response  to  a  change  of  activity  in 
the  one  because  it  is  anatomically  connected  with  the  muscular  coat 
of  the  bloodvessels.  The  rate  or  depth  of  the  respiratory  movements 
will  alter  in  response  to  a  change  of  activity  in  the  other  because  it 
is  connected  with  muscles  which  can  act  upon  the  chest-walls. 

The  localization  of  function  in  the  cerebral  cortex  has  been  likened 
to  the  localization  of  industries  in  the  multiplex  commercial  life  of 
the  modern  world.      The  barbarian   bouseVioVA  \tv  ^VivOcv  OiofCtv  \% 
woven  and  worked  iino  garments,  sandaVs  ot  mocc3.%v(v%  wicXiwA 
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together,  rough  pottery  baked  in  the  kitchen  fire,  and  all  the  rode 
furniture  of  the  lodge  fashioned  by  the  hands  which  built  il,  ind 
which  rest  beneath  il  at  night— this  sutc  of  things  where  cenlraliia- 
tion  has  not  yet  begun,  it  has  been  said,  is  a  picture  of  what  goes  on 
in  the  undeveloped  brains  of  the  frog,  the  pigeon,  or  the  rabbit. 
The  •  diCTusion '  of  industries  which  is  characteristic  of  a  primitive 
state  has  given  place  among  the  most  highly  civilized  men  to  extreme 
centralization  and  conccniration.  Manchester  spins  cotton  aiid 
Liverpool  ships  it.  Chicago  handles  wheat  and  pork  that  have  been 
produced  on  the  prairies  of  Minnesota  and  Illinois.  Amstenlam 
cuts  diamonds-  Munich  brews  beer.  Lyons  weaves  silk.  Sew 
York  and  London  are  centres  of  finance.  This,  it  is  said,  is  Uic 
picture  of  the  highly  specialized  brain  of  a  monkey  or  a  num.  But 
ingenious  and  alluring  though  such  analogies  are,  ihey  do  not  rest 
upon  a  suthcient  basis  of  fact. 

It  has  never  been  shown,  either  by  experimental  evidence  or  by 
general  reasoning,  that  there  is  any  difference  whatever  in  the  physiai, 
chemical  or  psychical  processes  which  go  on  in  the  various  centitt 
of  the  Rolandic  cortex.  It  may  be  supposed,  indeed,  that  the  so- 
called  sensory  areas  of  the  cortex  differ  more  widely  in  their  iniemal 
activity  from  the  motor  areas  than  the  latter  do  among  themsetTo, 
and  that  the  activity  of  the  anterior  portion  of  the  brain,  the  portion 
which  has  been  credited  f>ar  ixuUetue  with  psychical  fuoctiraiSk 
differs  in  kind,  not  merely  in  degree,  from  that  of  all  the  rest  Bst, 
as  we  have  just  seen,  even  the  motor  areas  have  sensory  function; 
and  although  a  cast-iron  physiology  may  explain  this  by  the  assumptioD 
of  *  sensory '  as  well  as  'motor'  cells  in  the  Kolandic  area,  there  is 
absolutely  nothing  to  contradict  the  supposition  that  the  dischaipof 
energy  from  the  most  circumscribed  motor  area  or  element  (be  it 
cell,  or  nervous  network,  or  both)  may  be  accompanied  not  onlywii 
consciousness,  but  with  a  high  degree  of  psychical  activity.  And 
indeed,  some  writers  have  supposed  that  such  a  consciousness  of,  at 
even  conscious  measurement  of,  the  discharge  from  the  motor  ueit 
is  the  basis  of  the  muscular  sense  (Bain,  Wundt). 

So  far,  at  least,  as  the  Kolandic  region  and  the  grey  matter  ifflM' 
diately  around  the  neural  canal  is  concerned,  the  analc^  ofn 
electrical  switch-board  connected  with  machines  of  various  kiodi 
might  be  more  correct.  Touch  one  key  or  another,  and  an  engiae 
is  set  in  motion  to  grind  corn,  or  to  saw  wood,  or  to  light  a  town.  The 
difference  in  result  lies  not  in  any  difference  of  material  or  worknan- 
ship  in  the  switches,  but  solely  in  the  difference  in  their  connectiofls 

Grey  matter  in  the  upper  part  of  the  Rolandic  cortex  is  exdCfld 
and  the  muscles  of  the  leg  contract  Grey  matter  around  the  \ata 
part  of  the  fissure  is  excited,  and  there  are  movements  of  the  bel4 
neck,  and  mouth.  Grey  matter  in  the  medulla  oblongata  is  eadld, 
and  the  salivary  glands  \to\ix  forth  a  thin,  watery  fluid,  po«  » 
proteids,  and  containing  an  amylolytic  ferment  Another  portion  of 
grey  (?)  matter  in  the  medulla  is  thrown  into  activity,  and  the  | 
creatic  duels  Viecoiue  ft\x%Vvt^  '«\Cc\  ^  >>cvvO*.  Viwo.\wv,\vi.Vi  in 
and  in  CeiTntviXs  ■wN^^c'h  iicx  v>^  '^x^vftSAa,  ^\m.Ocv,  m\^  Sax,   ^^ 
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there  is  a  \*anety  in  result  according  as  one  or  another  nervous 
switch  is  closed ;  here,  too,  the  variety  is  due,  not  to  essential 
differences  in  the  structure  or  the  aaivity  of  the  nervous  centres,  but 
to  their  connection,  l>y  ner\*ous  paths,  with  peripheral  organs  of 
different  kinds.  There  is,  Indeed,  a  specialization,  a  localization,  of 
function,  but  the  localization  is  at  the  periphery,  the  speciaUzation  is 
in  the  peripheral  organs. 

It  may  be  asked  whether,  if  this  is  the  case  for  the  peripheral 
organs  of  efferent  nerves,  the  converse  does  not  hold  true  for  the 
afferent  nerves,  in  other  words,  whether  the  localization  here  is  not 
at  the  centre.  And  that  there  is  in  some  degree  a  central  localization 
of  sensation,  may  be  considered  proved  l^y  the  well-known  clinical 
fact,  already  referred  to,  that  sensations  of  various  kinds  may  be  pro- 
duced by  pathological  changes  in  the  cortex.  For  example,  a  tumour 
involving  the  upper  part  of  the  temporal  lobe  may  give  rise  10 
epileptiform  convulsions  preceded  by  an  auditory  aura,  a  sound,  it 
tuay  be,  resembling  the  ringing  of  bells ;  a  tumour  nivolving  ihc 
occipital  region  may  cause  a  visual  aura,  and  so  on.  Central  sensory 
localization  is,  indeed,  inevitable  if  we  accept  the  old  doctrine  of 
•specific  energ)'.'  If  the  impulses  set  up  in  the  auditory  nerve 
when  sound  impinges  on  the  tympanic  membrane  do  not  differ 
essentially  from  those  set  up  in  the  optic  nerve  when  a  ray  of  hght 
falls  upon  the  retina,  or  from  those  set  up  in  the  trigeminal  ner\e  by 
the  irritation  of  a  carious  tooth,  or  from  those  set  up  in  certain  fibres 
of  all  cutaneous  ncr>'es  when  a  warm  body  comes  in  contact  with  the 
skin  ;  then,  since  the  results  in  consciousness  are  very  different,  we 
must  assume  that  somewhere  or  other  in  the  central  nervous  system 
there  exist  organs  that  are  differently  affected  by  the  same  kinds  of 
afferent  impulses ;  in  other  words,  that  sensory  localisation  is  at  the 
centre.  On  this  view,  the  visual  areas  in  the  cortex  respond  to  all 
kinds  of  stimuli  by  visual  sensations ;  the  auditory  areas  by  sensations 
of  sound  ;  and  possibly  the  whole  or  part  of  the  limbic  lobe  {the 
convolutions  lying  around  the  corpus  callosum  on  the  mesial  surface 
of  the  hemisphere)  by  sensations  of  touch  and  i>ain. 

But  while  it  cannot  be  doubted  that  special  sensory  regions  exist  in 
the  grey  matter  of  the  brain,  there  is  no  reason  to  suppose  that  the 
nerve  impulses  which  travel  up  the  optic  and  up  the  auditory  nerve 
are  absolutely  similar  until  they  have  reached  the  visual  and  auditory 
centres,  and  that  there  they  suddenly  become,  or  produce,  sensations 
absolutely  different.  And  it  would  seem  that  the  tendency  of  research 
is  at  present  to  increase  the  evidence  in  favour  of  a  certain  amount  of 
sensory  si>ecialization  at  the  periphery,  and,  therefore,  to  diminish 
the  scope,  if  not  the  necessit)',  of  such  a  specialization  in  the  brain. 
For  example,  when  an  ordinary  nerve-trunk  is  touched,  the  resultant 
sensation  is  not  one  of  touch.  If  there  is  any  sensation  at  all,  it  is 
one  of  pain.  Heating  or  cooling  a  naked  nerve-trunk  gives  rise  to 
no  sensations  of  temperature.  When  the  ulnar  nerve  is  artificially 
cooled  at  the  elbow,  the  first  effect  is  severe  pain  in  the  parts  of  the. 
hand  supplied  by  the  nerve.  The  pain  disap\>caT^somfw\\tL\.  ^'s>iV^-^ 
as  cooJin^gocs  on,  and  is  succeeded  by  graduaWoss  o^  b\\  vtws^vviTk^ 
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touch  pain  and  the  tempcralure  sense  disappeaiing  in  the  uloir  ara 
of  the  hand  in  the  order  named ;  but  the  cooHng  of  the  ner^e-lninlt 
does  not  give  rise  to  any  sensation  of  cold  (Weir  Mitchell).    Sumtt- 
lation  of  the  end  organs  is  essential  in  order  that  sensations  of  touch 
and  teroiwrature  should  be  experienced.     'Hie  tradition  wb  i  ': 
come  down  from  the  older  surgery  before  the  days  of  amv 
that  when  the  optic  nerve  was  cut  in  removing  the  eyeball  the  juLtrrit 
experienced  the  sensation  of  a  flash  of  light,  was  long  looked  upon  as 
the  strongest  prop  of  the  law  of  specific  energy.     But  neither  the 
■evidence  of  the  alleged  fact  nor  the  consequences  deduced  fiom  ii 
have  escaped  modern  criticism.     And  it  is  possible  tliat  in  sotae 
cases  at  least,  the  retina  was  excited — directly  by  mechanical  stim* 
lation,  or  by  means  of  fibres  carrying  impulses  peripherally  (?)  in  'be 
optic  ner\'e — at  the  moment  when  the   knife  entered   it,  and  ihi: 
suthcient  lime  elapsed  before  the  section  was  completed  for  thecs* 
citation  to  pass  up  across  an  isthmus  of  uncut  fibres.     Ewald  hu 
stated  too,  that  even  after  extirpation  of   the   end  organs  of  the 
auditor)'  ner\'e  in  the  pigeon,  sounds  are  still  heard  so  long  as  the 
nerve-trunk  itself  is  intact.     This  would  go  to  show  either  that  tlie 
impulses  set  up  in  this  nerve  by  the  mechanical  stimulation  of  Boial 
waves  sufficiently  large  to  excite  ordinary  cutaneous  nerves  are  of  i 
special  kind>  and  therefore  result  in  a  special  sensation,  or  ihil,  tS: 
impulses  being  alike  in  the  auditory  and  other  nerves,  the  former  i« 
peculiarly  susceptible  to  sound-waves.     In  the   first  case  a  certain 
amount  of  specialization  in  the  afferent  impulses  would  be  proTcd  ta 
be  accomplished  l)cfore  they  reach  their  centres.     One  renson.  tbcs, 
why  excitation  of  the  temporal  cortex  by  impulses  failing  into  it  jJoof 
the  auditory  nerve-fibres  causes  a  sensation  different  from  thaicamed 
by  impulses  reaching  the  occipital  cortex  through  the  fibres  of  ilie 
optic  nerve  may  be  a  difference  in  the  nature  of  the  impulie&   IF 
this    were   the   only  reason    it    would    follow  that  were  it  possiUe 
to  physiologically  connect  the  fibres  of  the  optic  radiation  with  lie 
temporal  cortex,   and   those  of  the   temporal   radiation   with  tHe 
occipital  cortex,  sights  and  sounds  would  still  be  percei\-ed  and  dt»- 
criminated  in  a  normal  manner,  although  iiow  the  integrity  of  ^he 
occipital  lobe  would  be  bound  up  with  the  perception  of  sound,  tt»t 
integrity  of  the  temporal  lobe  with  visual  sensation.     This  stiic  rf 
affairs  would  correspond  to  complete  s[)ecialization  for  sensation  t« 
the   peripheral   organs,  complete  absence  of  spccializaticm  in  the 
centres.     On  the  other  hand,  it  is  conceivable  that,  after  such  la 
ideal    experiment,    sound  waves    falling   on    the   auditor)-  appontui 
might  cause  visual  sensations,  and  luminous  impressions  fadliof  !■ 
the  retina  sensations  of  sound.     I'his  would  correspond  to  ccHnpldc 
specialization   of  sensation    in    the   centres,   complete    abseaof  rf 
specialization  at  the  periphery.     K  third  possibility  would  be  ihtf 
the  transposed  '  centres,  responding  at  first  feebly  or  not  at  all  to 
the  new  impulses,  might,  by  slow  degrees,  become  more  and  mofc 
excitable  to  them.    This  would  correspond  to  a  peripheral  spcdilta' 
tion,  com\)u\ed  v:\\.\\  a.  \.ex\^tt\c^  vo  ^>j*^^v'wv*^'^  ^^  otxvvcil  si)«ciilia> 
tion.     And,  mdeed/\X  \4  ^ox  eas^  vq  tijv\awst\Tv  Voas.  -wv^^^ov 
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the  result  of  differences  in  the  nature  of  impulses  coming  from 
[the  periphery,  specialization  of  sensory  areas  in  the  central  nervous 
'Stem  could  have  at  first  arisen. 

Reaction  Time. — Just  as  in  a  reflex  act  a  certain  measure- 
ible  time  {reflex  time)  is  taken  up  by  the  changes  that  occur 
the  lower  nervous  centres,  so  we  may  assume  that  in  all 
sychical  processes  the  element  of  time  is  involved.  And, 
jdeed,  when  the  interval  that  elapses  between  the  appUca- 
pon  of  a  stimulus  and  the  signal  which  announces  that  it 
IS  been  felt  [reaction  time)  is  measured,  it  is  found  that  the 
srebral  processes  associated  with  the  perception  of  even 
le  simplest  sensation  and  the  production  of  even  the 
implest  voluntary  contraction  is  longer  than  the  time  which 
le  spinal  centres  require  for  the  elaboration  of  even  com- 
Mex  and  co-ordinated  reflex  movements.  Suppose,  e.g., 
lat  the  stimulus  is  an  induction  shock  applied  to  a  given 
>int  of  the  skin,  and  that  the  signal  is  the  closing  of 
)e  circuit  of  an  electro-magnet,  then,  if  both  events  are 
kutomatically  recorded  on  a  revolving  drum,  the  interval 
in  be  readily  determined.  It  is  evident  that  this  includes, 
tot  only  the  time  actually  consumed  in  the  central  pro- 
esses,  but  also  the  time  required  for  the  afferent  impulse 
reach  the  brain,  and  the  efferent  impulse  the  hand, 
long  with  the  latent  period  of  the  muscles.  The  time 
iken  up  in  these  three  events  can  be  approximately  cal- 
culated, and  when  it  is  subtracted,  the  remainder  repre- 
ents  the  reduced  or  corrected  reaction  time;  that  is,  the 
nerval  actually  spent  in  the  centres  themselves.  This  is 
by  no  means  a  constant.  It  is  influenced  not  only  by  the 
iegree  of  complexity  of  the  psychical  acts  involved,  and  the 
lental  attitude  of  the  person  (whether  ha  expects  the 
limulus  or  is  taken  by  surprise,  whether  he  has  to  choose 
>tween  several  possible  kinds  of  stimuli  and  respond  to 
>rily  one,  etc.),  but  it  varies  also  for  different  kinds  of  sensa- 
ion,  for  the  same  sensation  at  different  times,  and.  as  is 
scognised  in  the  pcnotMl  equation  of  astronomers,  in  different 
idividuals.  For  sensations  of  touch  and  pain  it  may  be 
iken  as  one-ninth  to  one-fifth,  for  hearing  one-eighth  to 
^ne-sixth,  and  for  sight  one-eighth  to  one-^tovQ^  •a.^^cow^. 
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argument  to  say,  as  some  writers  have  done,  that 
the  brain  rests  the  quantity  of  blood  in  it  mmi  be 
supposed,  as  in  other  resting  organs,  to  be  diminished. 
For  when  the  whole  body  rests,  as  it  does  in  sleep,  it  has  as 
much  blood  in  it  as  when  it  works;  in  sleep,  therefore,  if 
some  resting  organs  have  less  blood  than  in  waking  life, 
other  resting  organs  must  have  more;  and  it  is  the  province 
of  experiment  to  decide  which  are  congested  and  which 
anjemic. 

In  general,  ihe  depth  of  sleep,  as  measured  by  the  intensity  of 
sound  needed  to  awaken  the  sleeper,  increases  rapidly  in  the  first 
hour,  falls  abruptly  in  the  second,  and  then  slowly  creeps  down  to 
Its  minimum,  which  it  reaches  just  before  the  person  awakens.  As 
to  the  amount  of  sleep  required,  no  precise  rulc-s  can  be  laid  down. 
It  varies  with  age,  occupation,  and  perhaps  climate.  An  mfant, 
whose  main  business  is  to  grow,  spends,  or  ought  to  spend,  if  mothers 
were  wise  and  feeding-bottles  clean,  the  greater  part  of  its  lime  in 
sleep.  The  man,  whose  main  business  it  is  to  work  with  his  hands 
or  brain,  requires  his  full  tale  of  eight  hours'  sleep,  but  not  usually 
more.  The  dry  and  exhilarating  air  of  some  of  the  inland  portions 
of  North  America,  and  perhaps  the  plains  of  Victoria  and  New 
South  Wales,  incite,  and  possibly  enable,  a  new-comer  to  live  for  a 
conbiderabie  period  with  less  than  his  ordinar)-  amount  of  sleep. 
Idiosyncrasy,  and  perhaps  to  a  still  greater  extent  habit,  have  also  a 
marked  influence.  The  great  Napoleon,  in  his  heyday,  never  slept 
more  than  four  or  five  hours  in  the  twenty-four.  Five  or  six  hours 
or  less  was  the  usual  allowance  of  Frederick  of  Prussia  throughout 
his  long  and  active  life. 

Hjrpnosis  i^:  a  condition  in  some  respects  allied  to  natural  slumber ; 
but  instead  of  the  activity  of  the  whole  brain — or  perhaps  we  should 
rather  say,  the  whole  activity  of  the  brain — being  in  abeyance,  the 
susceptibility  to  external  impressions  remains  as  great  as  in  wakmg 
life,  or  may  be  even  increased,  while  the  critical  faculty,  which 
normally  sits  m  judgment  on  them,  is  lulled  to  sleep.  The  condi- 
tion can  be  induced  in  many  ways— by  asking  the  subject  to  look 
fixedly  at  a  bright  object,  by  closing  his  eyes,  by  occupying  his  atten- 
tion, by  a  sudden  loud  sound  or  a  flash  of  light,  etc  The  essential 
condition  is  that  the  person  should  have  the  idea  of  going  to  sleep, 
and  that  he  should  surrender  his  will  to  the  operator.  In  the  hypnotic 
condiuon  the  subject  is  extremely  open  to  suggestions  made  by  the 
operator  with  whom  he  is  en  rapport.  He  adopts  and  acts  upon 
ihem  without  criticism.  If,  for  example,  the  hypnotizer  raises  the 
subject's  arm  above  his  head,  and  suggests  that  he  cannot  bring  it 
down  again,  it  stays  fixed  in  that  position  for  a  long  time  without  any 
appearance  of  fatigue  ;  or  the  whole  body  may  be  thrown,  oi\  ^  wwt 
hint,  inio  some  unnatura}  pose  in  which  \l  temavvks  n^\d  ^«>  ^  sva.v\t- 
Saggested  hemiplegia    or   hcmiancesthesia,   or    \»aTa\'5%\^  ^V  -wvciVv^iTv 
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A«e. 

Bniin-we^hL 

I  year. 

885  gnn. 

i  yean. 

909         H 

3     >. 

1071      „ 

4     .. 

1099     „ 

5     .. 

1033     » 

6     „ 

tM7     » 

7     » 

1201     „ 

AffT. 

Bniln- weight. 

8  years. 

1045  grm. 

10    „ 

>3>5     " 

"         M 

1168     „ 

"         1> 

1286     „ 

<3     » 

1505     » 

t4     » 

<336     « 

'5     » 

MM     .» 

Age.  Men.                 Women. 

10 — 19  1411  gnn.  I2i9gnn. 

30—29  Miy    II  lafio    „ 

30—39  MM     »  H72     I, 

40—49  1406     „  1372     „ 


(Bischoff.) 

Age.  Men.  Women. 

50—59  1389  grni.  1239  g"n. 

60 — 69  1393     „  1219     „ 

70—79  1254     „  1 139     » 

80—90    1303    „       898    „ 
(Huschke.) 

In  some  small  birds  the  ratio  is  as  high  as  1 :  12,  in  large  birds  as 
low  as  I  :  1 ,200  ;  in  ceruin  fishes  a  gramme  of  brain  has  10  ser\e  for 
over  5  kilos  of  body.  As  a  rule,  especially  within  a  given  species, 
the  brain  is  proportionally  of  greater  size  in  small  than  in  large 
animals. 

The  Oircnlation  In  the  Central  Nervous  System- — The  arrange- 
ment of  the  Cerebral  bloodvessels  has  certain  peculiarities  which  it  is 
of  great  importance  to  remember  in  connection  with  the  study  of  the 
diseases  of  the  brain,  many  of  which  are  caused  by  lesions  in  the 
vascular  system— haemorrhage  or  embolism.  Four  great  arterial 
trunks  carry  blood  to  the  brain,  two  internal  carotids  and  two  vertc- 
brals  (Plate  V.,  4).  The  vertebrals  unite  at  the  base  of  the  skull 
to  form  the  single  mesial  basiKir  artery,  which,  running  forward  in  a 
groove  in  the  occipital  bone,  splits  into  the  two  posterior  cerebral 
arteries.  Each  carotid,  passing  in  through  the  carotid  foramen, 
divides  into  a  middle  and  an  anterior  cerebral  artery  ;  the  latter 
runs  forward  in  the  great  longitudinal  fissure,  the  former  lies  in 
the  fissure  of  Sylvius.  A  communicating  branch  joins  the  middle 
and  posterior  cerebrals  on  each  side,  and  a  short  loop  connects  the 
two  anterior  cerebrals  in  front.  In  this  way  a  hexagon  is  formed  at 
the  base  of  the  brain,  the  so-called  circle  of  Willis.  While  the  anas- 
tomosis between  the  large  arteries  is  thus  very  free,  the  opposite  is 
true  of  their  branches.  All  the  arteries  in  the  substance  of  the 
brain  and  cord  are  '  end-arteries,'  that  is  to  say,  each  terminates 
iviihin  its  area  of  distribution  without  sending  any  communicating 
branches  to  make  junction  with  its  neighbours.  The  consequence  of 
these  two  anatomical  facts  is:  (1}  that  interference  with  the  blood- 
supply  of  the  brain  between  the  heart  and  the  circle  of  Willis  does 
not  produce  symptoms  of  cerebral  anaemia — ^x-,  ^oih  common 
carotids  may  be  tied  without  any  harmful  effect ;  (2)  that  the  block- 
ing  of  any  of  the  arteries  which  arise  from  the  circle  or  any  of 
their  branches  leads  to  destruction  of  the  area  supplied  by  it.  The 
basal  ganglia  are  fed  by  twigs  firom  the  c\tc\c  o^  Vi^\^  m\^  "^^ 
beginning  of  the  posterior,  middle,  and  anienoT  t«c\K^  wX««&- 
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Mini  illy  under  control.  After  five  or  six  weeks,  or  a  longer  or 
Bborter  time  according  to  whether  the  symptoms  are  stationar)'  or 
not,  kill  the  animal  by  chloroform.  Take  out  the  brain  and  cord, 
noting  particularly  the  stale  of  matters  at  the  site  of  the  hemi- 
sectton.  Harden  first  in  Miiller's  fluid  (essentially  potassium  bichro- 
mate, with  a  little  sodic  sulphate)  for  ten  days,  then  put  portions  into 
Maccht's  Huid  (a  mixture  of  one  part  of  a  x  per  cent,  solution  of 
osmic  acid  with  two  parts  of  Miiller's  fluid),  cut  in  celloidin,  and 
examine  the  degenerated  tracts  (p.  597). 

2.  B«ction  and  Stimulation  of  the  Spinal  Nerre-roots  in  the  Trog. 
— Select  a  large  frog  (a  bull-frog  if  possible).  Tith  the  brain.  I'asten 
the  frog,  belly  down,  on  a  plate  of  cork.  Make  an  incision  in  the 
middle  line  over  the  spinous  processes  of  the  lowest  three  or  four 
\-ertcbrae,  separate  the  muscles  from  the  vertebral  arches,  and  with 
strong  scissors  open  the  :%pinal  canal,  taking  care  not  to  injure  the 
cord  by  passing  the  bbde  of  the  scissors  too  deeply.  Kxiend  the  open- 
ing upwards  till  two  or  three  posterior  roots  come  into  view.  Pass  fine 
silk  ligatures  under  two  of  them,  tie,  and  divide  one  root  central  to  the 
ligature,  the  other  peripheral  to  it.  Stimulate  the  central  end,  and 
reflex  movements  will  occur.  Stimulate  the  peripheral  end  ;  no  cflTect 
is  produced.  Now  cut  away  the  exposed  posterior  roots  and  isolate 
and  ligature  two  of  the  anterior  roots,  which  are  smaller  than  the 
posterior.  Stimulate  the  central  end  of  one  :  there  is  no  eflccL 
Stimulation  of  the  i>eripheral  end  of  the  other  causes  contractions  of 
the  corresponding  muscles. 

3.  Perforin  the  same  experiment  with  antiseptic  precautions  on  a 
rabbit  which  has  received  \  gramme  rhloral  hydrate  in  the  rectum, 
and  is  etherized  for  the  operation  if  necessary.  Smiilar  phenomena 
may  be  observed,  but  when  the  peripheral  end  of  an  anterior  root  is 
stimulated,  reflex  movements  may  be  produced  in  muscles  other  than 
those  supplied  by  the  motor  fibres  of  the  root.  When  this  is  the 
case,  we  may  conclude  that  the  animal  would  have  showed  signs  of 
pain  on  stimulation  of  the  anterior  root  if  it  were  not  narcotized.  The 
rf^urrtHi  fibres  are  the  aflerenl  channels.  Divide  all  the  posterior 
roots  which  can  be  seen  in  the  wound,  cleanse  the  latter  thoroughly, 
first  with  cottonwool  wrung  out  of  corrosive  sublimate  solution,  then 
with  iodoform  gauze  wrung  out  of  hot  water.  Dust  with  icMJoform, 
close  with  a  double  row  of  sutures,  and  paint  with  collodion.  If 
the  animal  recovers,  study  the  defects  of  sensation  and  motion. 
The  muscles  supplied  by  the  divided  anterior  roots,  with  the  roots 
themselves  and  the  motor-fibres  of  the  nerves,  will  dejienerate, 
and  the  reaction  of  degeneration  may  possibly  be  obtained  from  the 
muscles.  The  sensory  fibres  of  the  mixed  ner\es  will  not  degenerate 
if  the  posterior  roots  have  l)een  divided  above  the  ganglia,  as  would 
be  the  case  in  this  ex[)eriment.  After  a  month  kill  the  animal  by 
chloroform,  harden  the  cord,  medulla  oblongata,  and  the  divided 
nerve-roots,  with  portions  of  the  nerves  to  which  they  belong  and  the 
muscles  supplied  by  (hem.  in  MuUers  and  Maichi's  fluids,  and  make 
sections.  Buf  //,  as  is  probable,  the  wound  \)eto'cc\ts  '!>*tv'w:^  ^^ 
rabbit  must  be  at  once  kilJcd. 
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Bnoved  in  a  few  minutes,  the  wound  cleansed  with  iodoform  gauze 
Hming  out  of  nomial  salt  solution  at  50'^  C,  and  sewed  up.  Study 
Bbe  phenomena  described  on  p.  654. 

H^  8.  Stimnlatioxi  of  the  Motor  Areas  In  the  Dog. — {a)  Study  a 
Hiardened  brain  of  a  dog,  noting  especially  the  crucial  sulcus  (Fig.  215), 
^bie  convolutions  in  relation  to  it,  and  the  areas  mapped  out  around  it 
B>y  Hiuig  and  Fritsch  and  others,  {b)  Inject  morphia  under  the  skin 
of  a  dog.  Set  up  an  induction-coil  arranged  for  tetanus,  with  a  single 
Daniell  in  the  primary  circuit.  Connect  a  pair  of  fine  but  not  sharp- 
pointed  electrodes  through  a  short-circuiting  key  with  the  secondary. 
Fasten  the  dog  on  the  holder,  belly  down,  and  put  a  large  pad  under 
the  neck  to  support  the  head.  Clip  the  hair  over  the  scalf).  Feel 
for  the  condyles  of  the  lower  jaw,  and  join  them  by  a  string  across 
the  top  of  the  head.  Connect  the  outer  cantht  of  the  eyes  by 
another  thread.  The  crucial  sulcus  ties  a  little  behind  the  mid-point 
between  these  two  lines.  Now  give  the  dog  ether  if  necessary,  make 
a  mesial  incision  through  the  skin  down  to  the  bone,  and  reflect  the 
flaps  on  either  side.  Detach  as  much  of  the  temporal  muscle  from 
the  bone  as  is  necessary  to  get  room  for  two  trephine  holes,  the 
internal  borders  of  which  must  be  not  less  than  \  inch  from  ihc 
middle  hne,  so  as  to  avoid  wounding  the  longitudinal  sinus.  Care* 
fully  work  the  trephine  through  the  skul!,  taking  care  not  to  press 
heavily  on  it  at  the  last.  Raise  up  the  two  pieces  of  bone  with 
forceps,  connect  the  holes  with  bone  forceps,  and  enlarge  the  opening 
as  much  as  may  be  necessary  to  reach  all  the  motor  areas.  At  this 
stage  only  enough  ether  should  be  given  to  prevent  suffering.  Now 
unbind  the  hind  and  fore  limbs  on  the  side  opposite  to  that  on  which 
the  brain  has  been  exposed,  apply  blunt  electrodes  successively  to  the 
arm  and  leg  areas,  and  stimulate.  Contraction  of  the  corresponding 
groups  of  muscles  will  be  seen  if  the  narcosis  is  not  too  deep.  Move- 
menls  of  the  head,  neck,  and  eyelids  may  also  be  called  forth  by 
stimulating  the  motor  areas  for  these  regions.  Stimulation  in  front 
of  the  crucial  sulcus  may  also  cause  great  dilatation  of  the  pupil,  the 
iris  almost  disappearing.  Repeat  the  experiment  on  the  opposite  side 
of  the  brain.  In  the  course  of  his  observations  the  student  will 
almost  certainly  have  the  opportunity  of  seeing  general  epileptiform 
convulsions  set  up  by  a  localized  excitation.  They  begin  in  the  group 
of  muscles  represented  in  the  portion  of  the  conex  directly  sticnulatrd. 
After  the  phenomena  of  such  convulsions  have  been  suOicicntly 
studied,  they  should  be  again  induced,  and  the  stimulated  motor 
area  rapidly  excised  during  their  course.  In  some  cases  this  will  be 
followed  by  imincdintc  <  essaiion  uf  the  spasms. 

9.  BemoTal  of  t;he  Motor  Areas  on  One  Side  In  the  Dog—  Froroed 
as  in  S,  but  use  antiseptic  precautions,  and  instead  of  Mimulatinn, 
destroy  with  the  actual  cautery  or  remove  with  the  knife  nil  the  grey 
matter  around  the  crucial  sulcus  on  one  side.  Stop  bleeding  \vi 
iodoform  gaure  wrung  out  of  hot  normal  saline  solution.  Sew  up 
the  muscles  by  one  set  of  sutures,  the  skin  by  anolhct,  t^nd  «\sw 
the  wound  with  co\\od\on.  When  the  dog  \\as  tctoNttttt^  \\vsvft  <Wfc 
ofjeration.  study  the  deficiency  of  molor  and  wnui\N  vu-ww  Mtv^^ 
opposite  side  (p.  660). 
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^^Bkedia  of  the  eyeball,  see  it  focussed  on  the  rlTinS^'lead  off  the 
current  of  action  set  up  in  that  membrane,  which,  doubtless,  gives 

I  token  of  the  passage  of  ner\'ous  impulses  into  and  up  the  optic  nene. 
We  con  even  follow  the  ner\'0us  impulses  to  a  definite  portion  of  the 
cortex  of  the  occipital  lobes,  and  determine  that  if  this  is  removed 
no  sensation  of  sight  will  result  from  any  excitation  of  retina  or  optic 
nene.  And  it  is  fair  to  conclude  that  m  some  manner  this  part  of 
the  cerebral  cortex  is  essential  to  the  production  of  visual  sensations. 
But   in  what  way  the  chemical  or  physical   processes  in  the  axis 

I  cylinders  or  nerve-cells  are  related  to  the  psychical  change,  the  inter- 
rv^ion  of  the  smooth  and  unregarded  flow  of  consciousness  whicli 

I       we  call  a  sensation  of  light,  we  do  not  know.     To  our  reasoning,  and 

j  even  to  our  imagination,  there  is  a  great  gulf  &xed  between  the 
•  physical  stimulus  and  its  psychical  consequence  ;  they  seem  incom- 

I  mensurable  quantities  ;  the  transition  from  light  to  sensation  of  light 
is  certain,  but  unthinkable. 

Each  kind  of  periphei^l  end-organ  is  peculiarly  suited  to 
respond  to  a  certain  kind  of  stimulus.  The  law  of 'adequate' 
or  *  homologous  '  stimuli  is  an  expression  of  this  fact.  The 
'  adequate '  stimuli  of  the  organs  of  special  sense  may  be 
divided  into :  (i)  vibrations  set  up  at  a  distance  without  the 
actual  contact  of  the  object,  f.^.,  light,  sound,  radiant  heat ; 
(2)  changes  produced  by  the  contact  of  the  object,  c.^.,  in 
the  production  of  sensations  of  taste,  touch,  pressure,  altera- 
tion of  temperature  (by  conduction).  Midway  between  (i) 
and  (2)  lies  the  adequate  stimulus  of  the  olfactory  end-organs, 
which  are  excited  by  material  particles  given  off  from  the 
odoriferous  body  and  borne  by  the  air  into  the  upper  part 
of  the  nostrils. 

The  end-organs  of  the  special  senses  all  agree  in  consisting  essen- 
tially  uf  moditied  epiblastic  cells,  but  they  occupy  areas  by  no  means 
proportioned  to  their  importance  and  to  the  amount  of  information 
we  acquire  through  them.  The  extent  of  surface  which  can  be 
affected  by  light  in  an  adult  man  is  not  more  than  ao  sq.  cm. ; 
the  endings  of  both  nerves  of  hearing  taken  together  do  not  at  most 
expand  to  more  than  5  sq.  cm. ;  the  olfacior)'  portion  of  the 
mucous  membrane  of  the  nose  has  an  area  of  not  more  than 
10  sq.  cm. ;  the  sensations  of  taste  are  ministered  to  by  an  area 
of  less  than  50  sq.  cm. ;  the  end-organs  of  the  senses  of  pressure, 
touch,  and  temperature  are  distributed  over  a  surface  reckoned  by 
square  metres.  As  the  physiological  status  of  the  sensory  end-organs 
rises,  their  anatomical  distribution  tends  to  shrink.  The  organs  of 
comparatively  coarse  and  common  sensations  are  widely  spread, 
intermingled  juith  each  other,  and  seated  in  tissues  whose  yriiuarij' 
function  may  not  be  senson'  at  all.  Even  the  t\ex^t-ftv«,^vc\'t^  qV  ^* 
9ense  of  taste  are  not  confined  to  one  dcfvmXt  4v\d  <i\xc\wwE^\^o«.\ 


is  thus  indefinitely  iuultiplie< 


FhyBic&l  Introduction. — 
disturbances  or  vibrations  in 
out  from  a  luminous  body  in 
ether  is  supposed  to  fiU  all 
the  molecules  of  matter  and 
composed.    Suppose  a  bar  o: 
room.     In  the  cold  iron  the 
a  relatively  slow  rate,  and  th 
vibrations  are  comparatively  l 
do  not  excite  the  retina,  becai 
impact  of  the  shorter  waves ;  a 
by  the  watery  media  of  the  ey 
is  increased,  the  molecules  be 
of  smaller  and  smaller  length, 
set  up,  until  at  last  some  of 
retina,  and  the  iron  begins  tc 
on  the  molecules  move  more 
which  cause  the  sensation  of  re 
of  yellow  appear.    Finally,  wh« 
the  very  shortest  vibrations  w 
with  the  medium  and  long  wa' 
white  light. 
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ray  which  falis  upon  the  receding  surface  {incident  ray\  and  the 
normai  to  the  surface^  are  in  one  plane.  The  second  law  is  that  the 
refiected  ray  makes,  with  the  perpendiatlar  {normal)  to  the  reflecting 
surface^  the  same  angle  as  the  incident  ray.  A  corollary  to  this  is  that 
a  ray  perpendicular  to  the  surface  is  reflected  along  Its  own  path. 

Keflection  from  a  Plane  Mirror. — Let 
■  ray  of  light  cominfi  from  the  point 
P  meet  the  surface  L>E  at  B,  making 
an  angle  PBA  with  the  normal  to  the 
surface.  The  reflected  ray  BC  will 
make  an  equal  angle  ABC  with  the 
normal ;  and  the  eye  at  C  will  see  the 
image  of  P  as  if  it  were  placed  at  P', 
the  point  where  the  prolongation  of 
BC  cuts  the  straight  line  drawn  from 
P  perpendicular  to  UE.  This  is  the 
position  of  an  ordinary  looking-glass 
image. 

Reflection  from  a  Concave  Spherical  Mirror. — A  spherical  surface 
may  be  supposed  to  be  made  up  of  an  infinite  number  of  infinitely 
small  plane  surfaces.  The  normal  to  each  of  these  plane  surfaces  is 
the  radius  of  the  sphere,  and  the  reflected  ray  makes  with  the  radius 
at  the  point  of  incidence  the  same  angle  as  the  incident  ray.  Let  D 
(Fig.  Z2\)  be  the  middle  point  of  the  mirror,  and  C  its  centre  of 
curvature,  i.e.,  the  centre  of  the  sphere  of  which  it  is  a  segment. 
Then  CD  is  the  principal  axis,  and  any  other  line  through  C  which 


Fiu.  saa— K1CKI.P.CTI0N  vkou  a 
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11.— Reflectio.s  krom  .\  C 
Sphkujcal  Mikkuk. 


YlO.  aai  — hdKMATION  OF  ReAL  ISVERTED 

Image    uy    a    Concave  Spherical 
Mirror. 


cuts  the  mirror  is  a  secondar>'  axis.  When  the  mirror  is  a  small 
portion  of  a  sphere,  rays  parallel  to  the  principal  axis  are  focussed  at 
the  principal  focus  F  midway  between  C  and  D  ;  rays  parallel  to 
any  secondary  axis  are  focussed  in  a  point  lying  on  (hat  axis;  and 
rays  diverging  from  a  point  on  any  axis  are  focussed  in  a  point  on 
the  same  axis. 

These  facts  afford  a  simple  construction  for  fiT\d\u%  vhe.  ^Q?.\v\Ci'^  'i'^ 
be  image  of  an  object  formed  by  a  concave  TO\noT.    Vjt\  >0S»\i<i^^i5t., 


■jrTir'j-««w  < 


After  rej^eciion  from  a  ^&hi 


anierior  surface  of  the  corne 
diminishes  in  size  with  increase 
reflecting  surface  (fig.  256) 

Ref^Action.-A  ray  of  llgh,  n 
has  us  velocity,  and  consequent 
be  refracted.  The  first  latr  ol 
i^tAr  samfj/afrr  as  the  inddtn 
Ihe  second  law  is  that  the  i/fl<r, 
^..//Mfor  any  given  pair  of  medij 
i  he  angle  of  incidence  is  the  a 
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When  a  ray  passes  across  a  medium  bounded  by  parallel  planes,  it 
issues  parallel  to  itself;  in  other  words,  it  undergoes  no  refraction 
(Fifit.  225I. 

Refiraction  and  Dispersion  by  a  Prism. — The  beam  of  light  is  bent 
towards  the  normal  N  ns  it  passes  across  BA  and  away  from  the 
normal  N'  as  it  passes  across  BC  (Fig.   226);  at  both  surfaces  it  is 
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Fig.  335.— HEi-RA<:rios  by  a  Mtnit'M 
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ongitial  direction  :  CB.  FD.  normals  to 
V  and  P  ;  •>,  angle  of  incidence ;  (',  ti 
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bent  towards  the  base  of  ihe  prism  A  C.  At  the  same  time  the  light 
suffers  dispersion  ;  that  is,  the  rays  of  shorter  wave-length  arc  more 
refracted  than  those  of  greater  wa\-e-Iength.  The  deTiation  of  any 
given  ray  is  nirnsitrfd  l^y  the  angle  which   the  refrar:ed  ray  makes 


Fig.    336.  — kEKMACTION    AND   DlSPEkSION    UY    A    I'KISW. 

with  its  original  direction.  The  amount  of  dispersion  produced  by  a 
prism  is  measured  by  the  difference  in  the  deviation  of  the  extreme 
rays  of  the  spectrum.  The  dispersion  produced  by  any  given  sub- 
stance is  proportional  to  the  difference  of  its  refractive  index  for  the 
extreme  visible  rays. 
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tie.  399  — Khtkacciun  by  a  Biconcave  LKNb. 


image  of  B  will  be  the  intersection  ofGF  and  the  secondary  axis  BC. 
Where  AB  is  farther  from  the  lens  than  the  principal  focus,  the  image 
ab  is  real  and  inverted  This  is  the  case  with  the  image  of  an  external 
object  formed  on  the  retina.  When  the  object  is  nearer  than  the 
principal  focus,  the  image  is  virtual  and  erect.  The  image  formed  by 
the  objective  of  a 
microscope  when  the 
object  is  in  focus  is 
real  and  inverted;  thu* 
ocular  forms  a  virtual 
erect  image  of  this 
real  image. 

Refraction  by  a  Bi- 
concave Lens  (tig. 
229),  — Parallel  rays 
are  rendered  diver- 
gent by  ihe  lens ; 
there  is  no  real  focus  ;  but  if  the  rays  are  prolonged  backwards  they 
Tueet  in  the  virtual  focus  F,  from  which  they  appear  to  come  when 
received  by  the  eye  thruugh  the  lens.  | 

Formation  of  Image  by  Biconcave  Lens  (Fig.  230). — Let  A B  be 
the  object.  Let  .'VHDl  be  the  path  of  a  ray  from  any  point  A  of 
the  object  parallel  to 
the  principal  axis. 
Produce  DI  back- 
wards (dotted  line) ; 
it  will  pass  through 
the  principal  focus  F. 
Through  A  draw  the 
secondary  axis  AC 
The  image  of  A  must 
be  both  on  AC  and 
on  IDF;  i>.,  it  must 

be  the  intersection,  <i,  of  these  straight  lines. 
of  B  is  b^  the  intersection  of  KGF  and  BC 
and  erect. 

Absorption. — No  substance  is  perfectly  transparent;  in  addition 
to  what  is  reflected,  some  light  is  always  absorbed.  In  other  words, 
in  passing  through  a  body  some  of  the  light  is  transformed  into  heat, 
a  portion  of  the  energy  of  the  short,  luminous  waves  going  to  in- 
crease the  vibrations  of  the  molecules  of  the  medium,  just  as  a  wave 
passing  under  a  row  of  barges  or  fishing-boats  sets  iheni  swinging 
and  pitching,  and  so  imparts  to  thetn  a  certain  amount  of  energy, 
which  is  ultimately  changed  into  heat  by  friction  against  the  water, 
and  against  each  other,  and  by  the  straining  and  rubbing  of  the 
chains  at  their  points  of  attachment.  Some  bodies  absorb  all  the 
rays  in  the  proportion  in  which  they  occur  in  white  light ;  whether 
looked  at  or  looked  through,  they  appear  colourless  or  white.  Other 
substances  absorb  certain  rays  by  preference,  and  the  amount  of 
absorption  is  proportional  to  the  thickness  of  the  layer.     The  colours 

44 
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Similarly,  the  Image 
The  image  is  virtual 
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obscurity  of  an  overhanging  ledge  of  rock.  But  the  indispensable 
condition  of  distinct  vision  is  that  an  image  of  each  part  of  an  object 
should  be  formed  upon  a  separate  portion  of  the  receiving  or  sensitive 
surface.  This  condition  is,  to  a  certain  extent,  ful51!ed  by  the  com- 
pound eyes  uf  some  of  the  higher  invertebrates  (insects,  e.g.).  Here 
lays  from  one  point  of  the  object  pass  through  one  of  the  funnel- 
shaped  elements  of  the  compound  eye,  and  rays  from  another  point 
through  another.  Rays  striking  obliquely  on  the  facets  are  stopped 
by  the  opaque  partitions  between  them.  In  the  Cephalopods  we 
fmd  that  this  compound  type  of  eye  has  already  been  abandoned  ; 
ihe  sinple  system  of  curved  refracting  surfaces  so  characteristic  of  the 
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vertebrate  eye  has  made  its  appearance ;   and  the  formation  of  a 

clean-cut  image  of  the  object  on  the  retina,  with  the  excitation  of  a 
sharply-bounded  area  of  that  membrane,  follows  as  a  geometrical 
consequence  from  the  theory  of  lenses. 

We  have  to  consider  (i)  the  mechanism  by  which  an 
image  is  formed  on  the  retina,  and  (2)  the  events  that 
follow  the  formation  of  such  an  image  and  their  relations  to 
the  stimulus  that  calls  them  forth. 

Structare  of  the  Eye.— The  eye  may  be  descsWi^^  ■v'\^^  wi&^cxwx 
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Wft  thus  brought  into  physiological,  if  not 'into  anatomical,  con- 
Tection  with  the  ganglion  cells  of  the  third  layer  on  the  one  hand, 
and  with  the  seventh  or  outer  nuclear  layer  on  the  other.  This 
stratum  receives  its  name  from  the  large  number  of  nuclei  which  it 
contains.  These  seem  to  he  connected  with  the  rods  and  cones  of 
the  ninth  layer,  which  is  divided  fiom  the  seventh  by  the  external 
limiting  membrane,  8.  At  the  f<n<n  antralis  the  rods  are  entirely 
absent,  and  the  other  layers  of  the  retina  greatly  thinned;  over  the 
optic  disc  neither  rods  nor  cones  are  present. 

External  to  the  rods  and  cones  is  a  sheet  of  pigmented  epithelial 
cells  of  hexagonal  shape,  belonging  to  the  choroid,  but  remaining 
attached  to  the  retina  when  the  latter  is  separated,  and  therefore  often 
reckoned  as  its  most  external  layer,  10. 

A  little  behind  the  cornea  and  anterior  to  the  retina  is  the  Uns^ 
enclosed  in  a  capsule,  and  attached  to  the  choroid  by  the  suspensory 
ligament,  or  zonule  of  Zinn.  The  iri$  hangs  down  in  front  of  the  lens 
like  a  diaphragm,  with  a  central  hole,  the  pupil.  Between  the  iris 
and  the  posterior  surface  of  the  cornea  is  the  anterior  chamber  of 
the  eye,  filled  with  the  aqueous  humour.  Between  the  iris  and  the 
anterior  surface  of  the  lens  lies  the  posterior  chamttcr,  which  is  rather 
8  potential,  than  an  actual,  cavity.  The  space  between  the  lens  and 
the  retina  is  accurately  occupied  by  an  almost  structureless  semi-fluid 
mass,  the  vitreous  humour^  enclosed  by  the  delicate  hyaloid  membrane, 
which  in  front  is  reflected  over  the  folds  of  the  ciliary  processes,  and 
blends  with  the  suspensory  ligament  of  the  letks. 

Eefractton  in  the  Eye — Formation  of  the  Retinal  Image,— The 
amount  of  refraction  which  a  ray  of  light  undergoes  at  a 
curved  surface  depends  upon  two  factors,  the  radius  of 
curvature  of  the  surface,  and  the  difference  between  the  re- 
fractive indices  of  the  media  from  which  the  ray  comes  and 
into  which  it  passes.  The  smaller  the  radius  of  curvature, 
and  the  greater  the  difference  of  refractive  index,  the  more 
is  the  ray  bent  from  its  original  direction.  A  ray  of  light 
passing  into  the  eye  meets  first  the  approximately  spherical 
anterior  surface  of  the  cornea,  covered  with  a  thin  layer  of 
tears.  Since  the  refractive  index  of  the  tears  and  of  the 
cornea  is  greater  than  that  of  air,  refraction  must  occur 
here.  At  the  parallel  posterior  surface  of  the  cornea,  how- 
ever, the  ray  is  but  slightly  bent,  for  the  refractive  indices  of 
aqueous  humour  and  corneal  substance  are  nearly  equal 
At  the  anterior  and  posterior  surface  of  the  lens  the  ray  is 
again  refracted,  since  the  refractive  index  of  the  aqueous  and 
vitreous  humour  is  less  than  that  of  the  \eTVS.  tVve.  S.o\vciw\vw^ 
ta.bles  show  the  radii  of  curvature  of  iHe  leUacVvw?,  ^vaVwL^'^ 
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same  curvatures,  and  w 
wouJd  do. 

T>ie  optical  problems  co 
retina  image  are  complicai 
several  media,  with  differ^r 


ss  Without  refraction)  of  such  a  *  reduced    or    schematic* 

ye»  and  other  constants  are  shown  in  the  following  table : 

Keduced  Eye — 

ladius  of  curvature  of  ihe  single  refracting  surface     -       5'i      mm. 
Index  of  refraction  of  the  single  refracting  medium     •       »'35* 
Anlero-postcrior  diameter  of  reduced  eye  (distance  of 

(jnnci{>al  focus  from  the  single  refracting  surface)    -     20"o 
Distance  of  the  single  refracting  surface  behind  the 

anterior  surface  of  the  cornea  -  -         -       i  '8 

Distance  of  the  nodal  point  of  the  reduced  eye  from 

its  anterior  surface  ---...       ^'o 

Distance  of  the  nodal  point  from  the  principal  focus 

(retina)-        - 15*0 

Knowing  the  position  of  the  centre  of  curvature  of  the 
single  ideal  refracting  surface,  i.e.,  the  nodal  point  of  the  re- 


S,  the  single  spbcrical  rcfracling 
aurUce.  18  mm.  beliind  Ihe  ao- 
lenor  surface  of  the  corner;  N, 
the  nodal  poini,  j  mm.  I)c)und  S; 
K,  the  principal  focus  (on  tbe 
retina),  ao  mm.  behind  S.  The 
cornea  und  lens  arc  put  in  in  do((ed 
lines  in  the  (wsitian  M^htcfi  ihey 
occupy  in  the  normal  eye. 


duced  eye,  all  that  is  necessary  in  order  to  determine  the 
position  of  the  image  of  an  object  on  the  retina  is  to  draw 
straight  lines  from  its  circumference  through  the  nodal 
point.  Each  of  these  lines  cuts  the  refracting  surface  at 
right  angles,  and  therefore  passes  through  without  any 
deviation.  The  retinal  image  is  accordingly  inverted,  and 
its  size  is  proportional  to  the  solid  angle  contained  between 
the  lines  drawn  from  the  boundary  of  the  object  to  the 
nodal  point,  or  the  equal  angle  contained  by  the  prolonga- 
tions of  the  same  lines  towards  the  retina.  This  angle  is 
called  the  visual  angle,  and  evidently  varies  directly  as  the 
size  of  the  object,  and  inversely  as  its  distance.  Thus  the 
visual  angle  under  which  the  moon  is  seen  is  much  larger 
than    that   under  which   we   view  any  of  the  t.%sd  sl^xs, 

*  Or  about  (be  same  as  that  of  ihc  aqwftou^  Wtocmt. 


Accordingly,   if   o   is   the  „ 
*"d  d  its  d/sunce   from  B'. 

approximately  be  taken  as  ,/, 

nd^T^.rT'^^^he  retina 
«^B  (tbe^d,a^eter  of  the 

^38^  ■   ,j   .  or  (say)  —^ 

The  mast  ofa  ship  „o  fee,  hi 
"TOW  on  ,he  reuna  an  im^ge  ' 


THE  SENSES. 


697 


image  of  a  mountain  at  a  distance  of  30  miles,  and  of  a 
printed  page  at  a  distance  of  30  cm.,  can  be  focussed 
with  equal  sharpness  upon  the  retina.  In  an  opera-glass 
or  a  telescope  accommodation  is  brought  about  by  altering 
the  relative  position  of  the  lenses ;  in  a  photographic 
camera  and  in  the  eyes  of  fishes  (Beer),  by  altering  the 
distance  between  lens  and  sensitive  surface;  in  the  eye  of 
man,  by  altering  the  curvature,  and  therefore  the  refractive 
power  of  the  lens.  That  the  cornea  is  not  alone  concerned 
in  accommodation,  as  was 
at  one  time  widely  held, 
is  shown  by  the  fact  that 
under  water  the  power  of 
accommodation  is  not 
wholly  lost.  Now,  the  re- 
fractive index  of  the  cornea 
being  practically  the  same 
as  that  of  water,  no 
changes  of  curvature  in  it 
could  affect  refraction 
under  these  circumstances. 
That  the  sole  effective 
change  is  in  the  lens,  can 
be  most  easily  and  deci- 
sively shown  by  studying 
the  behaviour  of  the  mirror 

:.H«»A»  «f  «  !...»:«»..»  aU:a,.4>  d""DK  accommodalioo  for  a  near  object. 
images  of  a  lummOUS  object     -rhe  up[H-r  pair  of  circles  enclose  the  imaues 

reflected  from  the  bounding    =?  «'^"  when  the  light  fails  on  ihc  eye 

f^  through  a  double  slit  or  a  pair  of  pnsmi ; 
surfaces  of  the  various  re-  *he  lower  pair  show  the  images  seen  when 
.  .  ,.  ,  ,  the  alii  is  single  aod  tritogular  in  shape. 

fractive    media    when    the 

degree  of  accommodation  of  the  eye  is  altered.  Three 
images  are  clearly  recognised :  the  brightest,  an  erect 
virtual  image,  from  the  anterior  (convex)  surface  of  the 
cornea ;  an  erect  virtual  image,  larger,  but  less  bright,  from 
the  anterior  (convex)  surface  of  the  lens ;  and  a  small  in- 
verted real  image  from  the  (concave)  posterior  boundary  of 
the  lens  (Purkinje-Sanson  images).  The  second  image  is 
intermediate  in  position  between  the  other  two.  It  is 
possible  with  special  care  to  make  out  a  fourth  image,  and 


Fig.  336. — t*ukKmjK-SANsoN  Imagiu. 
A.  in  the  nbsence  of  axxommodation  ;  B, 


A 


«■  lias   IX 

.    "■vature  dimin 

reflected  from  a 

of  curvature.     A 

«he  posterior  sur 
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"'»">    accommod 
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«nd  thereisnoac 

removed   for  cata 

obtamed  by  compe 
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does  mdeed  contra, 
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are  thus  cut  off  and 
there  may  ^^^,„^  ^^ 

B^t  the  loss  of  the  • 
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the  eyeball,  caused  by  its  deformation  by  the  contraction  of 
the  extrinsic  muscles,  can  have  any  share  in  accommodation, 
as  has  been  suggested,  is  clearly  proved  by  the  fact  that 
atropia,  which  does  not  affect  the  action  of  these  muscles, 
paraly/es  the  mechanism  of  accommodation.  To  the  con- 
sideration  of  that  mechanism  we  now  turn. 

The  Mechanism  of  Accommodation.— While  everybody  is 
agreed  that  the  main  factor  in  accommodation  is  the  altera- 
tion in  the  curvature  of  the  lens,  there  is  by  no  means  the 
same  unanimity  as  to  the  manner  in  which  this  is  brought 
about.  Helmholtz's  explanation,  which  has  long  been  the 
most  popular,  is  as  follows :  In  the  unaccommodated  eye 
the  suspensory  ligament  and  the  capsule  of  the  lens  are 
tense  and  taut,  the  anterior  surface  of  the  lens  is  flattened 
by  their  pressure,  and  parallel  rays  (or,  what  is  the  same 
thing,  rays  from  a  distant  object)  are  focussed  on  the  retina 
without  any  sense  of  effort.  In  accommodation  for  a  near 
object,  the  meridional  or  antero-posterior  fibres  of  the 
ciliary  muscle  by  their  contraction  pull  forward  the  choroid 
and  relax  the  suspensory  ligament.  The  elasticity  of  the 
lens  at  once  causes  it  to  bulge  forwards  till  it  is  again 
checked  by  the  tension  of  the  capsule. 

The  explanation  of  HelmhoUz,  although  widely  adopted  in  the  text- 
books, is  being  more  and  more  called  in  question  in  the  archives. 
Tscheming,  for  example,  has  put  forward  the  view  that  when  the 
ciliary  muscle  (which  consists  of  a  super5cial  layer  of  meridional,  and 
a  deep  layer  of  radial,  fibres)  contracts,  the  ciliary  processes  are  drawn 
back,  and  pull  the  zonule  of  i^inn 'backwards  and  outwards.  The 
curvllurc  of  the  lens  is  thus  altered,  and,  in  particular,  the  region 
around  its  anterior  pole  becomes  more  convex.  At  the  same  time 
the  contraction  of  the  posterior  portion  of  both  layers  of  the  ciliary 
muscle  pulls  the  choroid  forward,  and  so  causes  the  vitreous  body  to 
press  against  the  posterior  surface  of  the  lens,  and  prevent  its  dis- 
placement backwards  by  the  pull  of  the  anterior  portion  of  the 
muscle.  And  Schoen,  reviving  a  theory  originated  forty  years  ago 
by  Mannliardt,  believes  that  the  contraction  of  the  ciliary  muscle 
causes  an  alteration  In  the  curvature  of  the  anterior  part  of  the  zonule, 
which  change  the  lens,  always  keeping  accurately  in  contact  with  this 
portion  of  the  zonule,  is  forced  to  follow.  He  likens  the  increase  of 
curvature  to  the  bulging  of  an  indiarubber  ball  when  it  is  held  in 
both  hands  and  compressed  by  the  fingers  a  little  behind  one  of  the 
poles. 

It  has  been  already  mentioned  that  a.\ou¥^  w\vV  \!s\^  ^vtt-a.- 


« 


""'fd  ventricle  and 
coming  off  from  ,1 

™°<l»«<on  cannot  l4 

***'^  of 'he  pupa' 

''  is  not  only  by 
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-^°"gh(ypropo„i„, 
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For  although  the  absence  of  contraction  may  show  that  the 
retina  of  the  eye  on  which  the  light  is  allowed  to  fall  is 
insensible  (unless  there  is  some  physical  hindrance  to  its 
passage,  such  as  opacity  of  the  lens  or  cataract),  the  occur- 
rence of  contraction  does  not  exclude  insensibility  of  the 
retina  unless  the  other  eye  has  been  protected  from  the 
light. 

But  not  only  is  the  iris  under  the  control  of  constrictor 
nerve-fibres,  it  is  also  governed  by  dilator  nerves ;  and  the 
5126  of  the  pupil  at  any  given  moment  depends  on  the  play 
of  two  nicely-balanced  forces. 


1-10.  237. 

Ill,  third  or  oculomotor  nerve.  IV,  rounli  or  trochlear  nerve  ;  V. ophthalmic  branch 
«(  fifth  Dervc  ;  VI,  sixth  or  abducent ;  C.  carotid  artery  with  Itj  plexus  of  sympathetic 
fibres ;  i,  ophlbAlmic  ganglion,  with  its  motor  root  a,  its  sympathetic  root  3,  and  its 
sensory  root  4  :  5,  direct  ciliary  filAmeot ;  6,  ciliRry  muscle :  7,  iris  :  8,  cornea  ;  9,  con- 
juDCliva;  10,  lachrymal  gland  ;  it,  ftontal  nerve  ;  13,  nasal  nerve  ;  13,  recurrent  bnuicb 
of  ophthalmic  division  of  fifth.  The  thick  white  lines  represent  the  motor  nrrvn  ;  the 
^^tiiin  coDtmuous  liaes  the  sympathetic  fibres  :  the  dotted  lines  the  sensory  oerves. 

^V   The  dilator  fibres  pass  out  by  the  anterior  roots  of  the  first  three 

^H^oracic  nerves  (dog,  cat,  rabbit),  accompanied  apparently  by  vaso- 

^TConstrictor   fibres   for  the  iris.      Reaching   the   sympathetic   chain 

through  the  corresponding  rami  communicantes,  they  traverse  the 

first  Ihoracic  ganglion,  the  annulus  of  Vieussens,  the  inferior  cervical 

ganglion  and  the  cervical  sympathetic.     After  making  junction  with 

some  of  the  cells  of  the  superior  cervical  ganglion  (Langley),  they 

eventually  arrive  at  the  Gasserian  ganglion,  and  running  along  the 

ophthalmic  division  of  the  trigeminal  lo  the  cjt,  Tca.Oft\\v't'\vcs.\i'^\>& 

■ciliary  branches. 


ivaiie  iNnui  luugcr  excitat 

before  the  narrowing  of 
possible  to  accept  the  v 
inhibitory   for   the   sphit 
probabiUty  they  act  dir 
It  has,  indeed,  long  be< 
otter  and  of  birds  a  ra 
has   been    shown    by  th 
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the   presence   of  radially 
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That,  in  addition  to  the  cerebral  centre  For  the  constrictor 
and  the  bulbar  centre  for  the  dilator  fibres,  there  exists 
within  the  eye  some  local  mechanism  which  controls  the 
muscles  of  the  iris  and  regulates  the  size  of  the  pupil  is 
rendered  certain  by  many  facts.  The  excised  eye  of  a  frog 
or  an  eel  constricts  its  pupil  on  exposure  to  light,  and  dilates 
it  in  the  dark.  It  is  said  that  even  the  isolated  iris  of  the 
eel  contracts  to  light ;  and  it  is  known,  although  here  the 
explanation  is  less  difficult,  that  the  iris  both  of  cold-  and 
warm-blooded  animals  contracts  in  warm,  and  dilates  in 
cold  normal  saline  solution.  The  local  application  o(  atropia 
causes  temporary  paralysis  of  accommodation  and  dilatation 
of  the  pupil.  When  the  third  nerve  is  divided,  the  pupil 
dilates ;  it  dilates  still  more  when  atropia  is  administered 
after  the  operation.  Dropped  into  one  eye  in  small 
quantity,  atropia  only  produces  a  local  effect ;  the  pupil 
of  the  other  eye  remains  of  normal  size,  or  somewhat  con- 
stricted on  account  of  the  greater  reflex  stimulation  of  its 
third  nerve  by  the  greater  quantity  of  light  now  entering  the 
widely-dilated  pupil  of  the  atropinised  eye.  Even  in  an 
excised  eye  the  effect  of  the  drug  is  the  same.  Introduced 
into  the  blood,  atropia  causes  both  pupils  to  dilate.  Other 
mydriatic,  or  pupil-dilating  drugs,  are  cocaine,  daiurine,  and 
hyoscyamine.  Eserine,  pilocarpine,  and  morphia  are  the  chief 
myotiM,  or  pupil-constricting  substances.  They  also  cause 
spasm  of  the  ciliary  muscle,  and  inability  to  accommodate 
for  distant  objects.  The  work  of  the  mydriatics  can  be 
undone  by  the  myotics.  Thus  the  dilatation  produced  by 
atropia  is  removed  by  pilocarpine.  The  most  plausible 
explanation  of  the  action  of  these  drugs  Is  that  the  mydriatics 
paralyze  the  third  nerve,  and  stimulate  the  dilator  nerve- 
fibres  of  the  iris,  while  the  myotics  paralyze  the  dilators  and 
stimulate  the  third.  Nicotine,  which  ultimately  causes  con- 
striction of  the  pupil,  does  so  by  paralyzing  the  cells  on 
the  course  of  the  dilating  fibres  in  the  superior  cervical 
ganglion. 

Inward  roialion  of  the  eyes  is  associated  with  contraction  of  the 
pupil,  and  the  contraction  that  occurs  during  sleep  is  ^robabli  VqV3r, 
thus  explamed     When  the  pressure  in  the  aT\^cx\QT  c>\awCt«:\  o^  '^^fc 
eye  is  diminished,  as  by  tapping  the  aqueous  Wtoqmv  >ii\wi^  ^^ 
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■ingle  point  by  a  spherical  lens  ;  the  image  is  surrounded  by  circles 
of  diffusion.  In  the  eye  this  spherical  aberration  is  partly  corrected 
by  the  interposition  of  the  iris,  which  cuts  off  the  more  peripheral 
rays,  especially  in  accommodation  for  a  near  object,  when  they  are 
most  diverRenl.  In  addition,  the  anterior  surfaces  of  the  cornea  and 
lens  are  not  segments  of  spheres,  but  of  ellipsoids,  so  that  the  curva- 
ture diminishes  somewhat  with  the  distance  from  the  optic  axis,  and, 
therefore,  the  refracting  power  as  we  pass  away  from  the  axis  does  not 
increase  so  rapidly  as  it  would  do  if  the  surfaces  were  truly  spherical ; 
Further,  the  refractive  index  of  the  peripheral  parts  of  the  lens  is 
less  than  that  of  its  central  portions. 

(2)  Chromatic  Aberration. — All  the  rays  of  the  spectrum  do  not 
travel  with  the  same  velocity  through  a  lens,  and  are,  therefore, 
unequally  refracted  by  it,  the  short  violet  rays  being  focussed  nearer 
the  lens  than  the  long  red  rays.  It  was  at  one  time  supposed  that 
this  chromatic  aberration,  as  it  is  called,  is  compensated  in  the  eye  ; 
and  it  is  said  that  this  mistake  gave  the  first  hint  that  Newton's 
dictum  as  to  the  proportionality  between  deviation  and  dispersion 


Fig.  x]9.-CiiHi>MATic  Arkrkatiok. 

The  violet  My$  are  brought  10 11  focus  V  nearer 
1b«  irn«  than  R.  the  focus  of  Ihe  red  mys. 
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was  efToneous,  and  led  to  the  discovery  of  achromatic  lenses.  But  in 
reality  the  eye  is  not  an  achromatic  combination  ;  and  the  Wolet  rays 
are  focussed  about  ^  mm.  in  front  of  the  red.  Thus,  in  Fig.  239 
the  white  light  passing  through  the  lens  is  broken  up  into  its  con- 
stituents ;  the  violet  focus  is  at  V,  and  the  red  at  K.  behind  it.  A 
screen  placed  at  R  would  show  not  a  point  image,  but  a  central 
point  surrounded  by  concentric  circles  of  the  spectral  colours,  with 
violet  outside.  If  the  screen  was  placed  at  V,  the  centre  would  be 
violet  and  the  red  would  be  external.  For  this  reason  it  is  impossible 
to  focus  at  the  same  lime  and  with  perfect  shar[>ness  objects  of 
different  colours :  a  red  light  on  a  railway  track  appears  nearer  than  a 
blue  light,  partly  perhaps  for  the  reason  that  it  is  necessary  to  accom- 
modate-*nore  strongly  for  the  red  than  for  the  blue,  and  we  associate 
stronger  accommodation  with  shorter  distance  of  the  object,  although 
other  data  are  also  involved  in  such  a  visual  judgment.  \Vhen  we 
look  at  a  white  gas-flame  through  a  cobaU  gU&s^  n«\\\c\\  ^\o^^  «st\^ 
red  And  violet  to  pass,  we  see  either  a  ted  Ravt\»:  *ssKto>ivAft^  ^"^  *• 
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€voIuli6n  in  the  making  of  an  eye.  The  optician  may  perhaps 
assert,  and  with  justice,  that  he  coutd  easily  have  made  a  better  lens 
than  nature  has  furnished,  but  the  physiologist  vrill  not  readily  admit 
that  he  could  have  made  as  good  an  eye. 

While  the  defects  hitherto  mentioned  are  shared  in 
greater  or  less  degree  by  every  normal  eye.  there  are  certain 
other  defects  which  either  occur  in  such  a  comparatively 
smal]  number  of  eyes,  or  lead  to  such  grave  disturbances  of 
vision  when  they  do  occur,  that  they  must  be  reckoned  as 
abnormal  conditions.  In  the  normal  or  emmetropic  eye, 
parallel  rays — and  for  this  purpose  all  rays  coming  from  an 
object  at  a  distance  greater  than  65  metres  may  be  con- 
sidered parallel  —  are  brought  to  a  focus  on  the  retina 
-without   any   effort   of  accommodation.      The   distance   at 


Kir,.  242.— Mitoric  tvk. 

The  imige  P'  of  a  distant  point  P  falls  in  front  ol  the  rettiu  tven  wuhout  accommo- 
dation. By  means  of  a  conoive  lens  L  the  imofc  may  be  made  to  fall  on  tbe  retina 
(dotted  tines).     To  lave  space,  P  is  placed  much  loo  oear  tbe  ejre  in  Figs.  341-04^ 

which  objects  can  be  distinctly  seen  is  only  limited  by  their 
size,  the  clearness  of  the  atmosphere,  and  the  curvature 
of  the  earth  ;  in  other  words,  the  punctum  remotumt  or 
far  point  of  vision,  the  most  distant  point  at  which  it  is 
possible  to  see  with  distinctness,  is  practically  at  an  infinite 
distance.  When  accommodation  is  paralyzed  by  atropia. 
only  remote  objects  can  be  clearly  seen.  On  the  other  hand, 
the  normal  eye,  or  to  be  more  precise,  the  normal  eye  of  a 
middle-aged  adult,  can  be  adjusted  for  an  object  at  a  dis- 
tance of  not  more  than  12  cm.  (or  5  inches).  Nearer  than 
this  it  is  not  possible  to  see  distinct\y  ;  V\us  v^^^*^ ^^ '^^^*^^^' 
wglycaJIeri  tbe  punctum  proximum^ox  neat  yo\tvV.    'Wtx^.wyi 


at  least  nearer  than  65  t\ 

distance  of  more  than 

seen.     With   the  strongs 


Fig.  243.— 
The  Image  P  of  a  poloi  P  Mu  k. 


may  be  as  little  as  5  cm.  f 
in  the  myopic  eye  is  there 

be  corrected  by  concaved! 
divergent.     It  is  to  be  nc 
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ith  maximum  accommodation  an  Object  cannot  be  dis- 
tinctly seen  unless  it  is  farther  away  than  the  near  point  of 
the  emmetropic  eye.  The  far  point  of  distinct  vision  is  at 
the  same  distance  as  in  the  emmetropic  eye,  vi;;.,  at  infinity  ; 
the  near  point  is  farther  from  the  eye  The  defect  is  cor- 
rected by  convex  glasses  (Fig.  243). 

Presbyopia,  or  the  long-sightedness  of  old  age,  is  not  to  be 
confounded  with  hypermetropia.  It  is  essentially  due  to 
failure  in  the  power  of  accommodation,  chiefly  through 
weakness  of  the  ciliary  muscle,  but  partly  owing  to  increased 
rigidity  and  loss  of  elasticity  of  the  lens.  Images  of  distant 
objects  are  still  formed  on  the  retina  of  the  unaccommodated 
eye  with  perfect  sharpness;  i.e.,  the  far  point  of  vision  is  not 
affected.  But  the  eye  is  unable  to  accommodate  sufficiently 
for  the  rays  diverging  from  an  object  at  the  ordinary  near 
point;  in  other  words,  the  near  point;  is  farther  away  than 
normal  Convex  glasses  are  again  the  remedy, 
^ft  The  near  point  of  distinct  vision  can  be  fixed  in  various 
^^irays — among  others,  by  means  of  Scheiner's  experiment 
<see  Practical  Exercises).  Two  pin-holes  are  pricked  in 
a  card  at  a  distance  less  than  the  diameter  of  the  pupil. 
A  needle  viewed  through  the  holes  appears  single  when  it  is 
accommodated  for,  double  if  it  isjout  of  jfocus.  The  near 
point  of  vision  is  the  nearest  point  at  which  jthe  needle  can 
still,  by  the  strongest  effort  of  accommodation,  be  seen  single, 
AsU^atism. — It  has  been  mentioned  that  slight  differences 
of  curvature  along  different  meridians  of  the  refracting 
surfaces  exist  in  all  eyes.  But  in  some  cases  the  difference 
in  two  meridians  at  right  angles  to  each  other  is  so  great 
as  to  amount  to  a  serious  defect  of  vision.  To  this  condition 
the  name  of  'astigmatism'  or  'regular  astigmatism*  has 
been  given.  It  is  usually  due  to  an  excess  of  curvature  in 
the  vertical  meridians  of  the  cornea,  less  frequently  in  the 
horizontal  meridians ;  occasionally  the  defect  is  in  the 
lens.  Kays  proceeding  from  a  point  are  not  focussed  in  a 
point,  but  along  two  lines,  a  horizontal  and  a  vertical,  the 
horizontal  linear  focus  being  in  front  of  the  other,  when  the 
vertical  curvature  is  too  great,  behind  vl  vjVveTv  \.\ve.  \\Q<^^c^T^^a^. 
curvature  is  excessive.    The  two  limbs  oi  a.  cto^^  ov^  xIws.  Vhq 


-wn.,  «ur  even  the  p 

the  eye  is  covered  htj 
front  of  (he  pupil.     ■[ 
Let  the  rays  from  a 
JensLat  P' (Fig.  244). 


^'Hi.  344. 
moment,  however,  that  t 
of  the  observed  eye,  the 
the  part  of  the  field  occu 
therefore  ceases  to  reflecl 
This  difficulty  is  avoi. 
scopic  mirror.     The  orii 

perfect  form  of  such  a  mil 
Piates,  of  glass,  from  wh.". 


Fig.  345.— Ficukr  to  illvstrate  the  Principle  of  the  Ophthalmoscope. 

Rays  of  light  rrom  a  poinl  P  arr  rrflected  by  a  gUiM  plate  M  (sevrnil  ptaiva  tOf;ether 
in  Hclmhollz's  original  fonnl  inlo  the  oh^ervi-d  eye  F,'.  Their  focu^  would  fall,  as  shown 
InlUc  tigutf.K  K,  H  lilllrbrhtndlhc  rcUn*  of  E'.  The  portion  of  iherrtma  AH  Is  there* 
fore  tllumin^ied  by  dill'usiori  circles;  and  the  rays  from  a  point  of  it  F  will,  if  B' Is 
emmetropic  and  unHccommodnted.  issiic  panllcl  from  E'  and  Iw  brought  10  a  focus  M 
F  oa  the  retina,  of  the  {emmetropic  and  unaccommodated)  observing  eye  E. 

of  the  latter  are   rendered    parallel  by  its  dioptric  media, 
and  are  again  brought  to  a  focus  on  the  observer's  retina. 


l"u;.  j^b.— Direct  MEniotJ  <»j-  usiso  nit  Oi'iiTiiAi.MubCopt. 
Light  railing  on  the  perforated  concave  mliror  M  passes  into  the  observed  eye  E', 
and,  both  E'aod  thoobscrvmeeycF.beitigsuppostrd  emmetropic  and  unaccommodsted, 
•n  erect  vinual  image  of  the  illummatcd  retma  of  E'  is  s«en  by  E, 

If  the  observed  eye  is  myopic,  the  ta-^s  ol  Xv^X  ta\\\\w5^ 
from  a  point  of  tbe  retina  leave  the  eye,  tNetv  >w\ie:ti  \V  "vs^  '^^- 


Fig.   247.— u&e  of 


Myopia  Eyt.^\<tKS%  rssuina 
unaccommodaied)  tW.  pass' 
fomissed  in  from  of  the  rriini 
MBmelropic.  By  iniroducini 
ijew  of  rhe  relioa  of  E  will  ^ 
uie  amount  of  myopia. 

concave  lens  placed 
be  distinctly  seen. 
When  the  observei 
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of  hyperraetropia,  mast  be  placed  before  the  observer's  eye 
if  he  is  to  see  the  fundus  distinctly. 

By  this  method  errors  of  refraction  in  the  eye  may  be 
detected  and  measured.     The  observer  must  always  keep 
his  eye  unaccommodated,  and   if  it  is  not  emmetropic,  he 
must  know  the  amount  of  his  short-  or  long-sightedness,  i.e., 
the  strength  and  sign  of  the  lens  needed   to  correct  his 
defect  of  refraction,  and  must  allow  for  this  in  calculating 

yiG.  849-  — IKUIKKCT   MEIHUD  OF   USISti  THE  Ol'HTHAt.MOSCUi'K. 
The  rays  of  lieht  issuing  from  E'.  the  observed  eye.  aic  focuxsed  hy  Hie  biconvex  lens 
L,  <«nd  B  real  Invened  image  of  a  portion  of  (h«  retina  of  E'.  mnsnified  (our  or  five 
times,  is  formed  in  Itie  air  between  ihe  lens  and  the  observing  rye  E.     This  iiua^  i& 
vlfTwed  by  Eat  ihe  ordinary  distance  of  disiinct  vision  (10  or  la  inches).    (The  exajfgerA- 
(ion  of  (he  size  of  ihe  mirror  m.ikes  it  appear  as  if  some  of  the  rays  fmm  th«  &mp 
passed  through  (he  lent  before  being  reflected  from  (be  mirror.     This  would  not  usually 
be  the  cue  Id  ao  actual  obiervation.) 

the  defect  of  his  patient.     Non-accommodation  of  the  eye 
of  the  latter  can  always  be  secured  by  the  use  of  atropia. 

By  the  direct  method  of  ophthalmoscopic  examination 
only  a  small  portion  of  the  retina  can  be  seen  at  a  time,  and 
this  is  highly  magnified.     A  larger,  though  less  magnified, 
view  can  be  got  by  the  indirect  method.     The  observed  eye 
is  illuminated  as  before,  but  the  mirror  and  the  observer's 
eye  are  at  a  greater  distance  (Fig.  249).      Here  the  rays 
from    a   considerable    portion   of  the   retina,   emerging   in 
parallel  pencils  if  the  ob5er\'ed  eye  is  emmetropic  and  not 
accommodated,  are  brought  to  a  focus  by  a  convex  lens  held 

1 
1 

ilended  in  conscioufl 
%  singfle  object ;  and  ' 
this  blending  does  not 
chief  theories  have 
these  questions  :  (l)  t\ 
theoty  of  projection. 

In  regard  to  the  secc 
assumes  that  in  some 
retino-cerebrai  apparati! 
only  the  shape  and  size 
of  the  raj's  of  light  whii 
the  object  is  arrived  at  1 
the  image  into  space  al< 
theory  we  shall  examine 

The  Theory  of  Identioa 
every  point  of  one  retir 
of  the  other  retina,  and  1 
either  by  an  inborn  ne( 
refers  simultaneous  imp 
identical  points  to  a  sin 
imagine    the    two_ 
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of  the  right,  and  the  nasal  edge  of  the  right  will  overlap 
the  temporal  edge  of  the  left ;  so  that  a  part  of  each  retina 
has  no  corresponding  points  in  the  other. 

When  the  eyes  are  directed  to  two  distant  objects  at  the  same 
height  as  themselves  — when,  in  other  words,  the  visual  axes  are 
parallel  and  horizontal — neither  the  middle  vertical  meridians  nor  the 
middle  horizontal  meridians  of  the  two  retina;,  as  a  rule,  exactly 
correspond,  although  the  correspondence  is  much  nearer  for  the 
horizontal  than  for  the  vertical  meridians.  A  meridian  of  the  left 
retina,  the  upper  end  of  which  is  slightly  inclined  towards  the  left, 
contains  the  points  corresponding  to  a  meridian  of  the  right  eye 
whose  upper  end  is  slightly  inclined  to  the  right  When  \\\\^  physio- 
logical  incongruence  of  tfu  retina  is  taken  into  account  in  determining 
the  points  which  are  to  be  considered  as  identical,  the  adherents  of 
this  theory  claim,  and  with  justice,  that  a  small  object  so  situated 
that  its  image  must  be  formed  on  corresponding  points  of  the  two 
retina:  does,  as  a  rule,  appear  single^  and,  what  is  even  more  striking, 
tiiat  a  phosphene,  or  luminous  circle  produced  by  pressing  the  blunt 
end  of  a  pencil  or  the  fingernail  on  a  point  of  the  globe  of  one  eye, 
is  not  doubled  by  pressure  over  the  corresponding  point  of  the  other 
eye,  although  two  circles  are  seen  when  pressure  is  made  upon  points 
iriiich  do  not  correspond. 

But  too  much  weight  must  not  be  allowed  to  such  evi- 
dence, for  it  is  also  a  fact  that  images  situated  on  corre- 
sponding points  may  not,  and  that  images  not  situated  on 
corresponding  points  may,  give  rise  to  a  single  impression. 
For  example,  if  one  of  the  closed  eyes  be  held  slightly  out 
of  its  ordinary  position  by  the  finger,  pressure  on  identical 
points  of  the  two  eyes  gives  rise  to  two  separate  phosphenes. 
And  some  of  the  phenomena  of  stereoscopic  vision  (p.  720) 
show  clearly  that  images  falling  on  non-corresponding  points 
may  give  a  single  impression;  while  we  do  not  habitually  see 
double,  although  it  is  certain  that  the  images  of  multitudes 
of  objects  are  constantly  falling  on  points  of  the  retina:  not 
anatomically  identical. 

The  Horopter* — In  every  fixed  position  of  the  eyes,  the  objects 
whose  intages  fall  on  corresponding  poinis  will  be  arranged  on  certain 
definite  lines  or  surfaces,  which  vary  with  the  direction  of  the  visual 
axis,  and  to  which  the  name  of  horopter,  or  point  horopter,  has  been 
given.  Thus,  let  the  eyes  be  directed  to  a  point  A  (Fig.  250)  at  such 
a  distance  that  the  lines  of  vision  arc  sensibly  convergent.  Suppose 
a  plane  drawn  in  each  eye  through  the  vi^u&V  ti.x\%  Mvd  v'afe  \EiiAi^ 

*  T/i/s  section  may  be'omilicd  bv  \\\t  \\m\\qt  *\>i^«».\* 
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these  planes,  it  is  evident,  from  the  symmetrical  position  of  the  two 
eyes,  will  intersect  each  other  in  a  mesial  plane  at  right  angles  to  the 
visual  plane.  Any  point  on  the  line  of  intersection  of  a  pair  of  planes 
passing  through  corresponding  transverse  meridians  of  the  retinai  will 
have  its  image  formed  on  corresponding  transverse  meridians  And 
the  points  common  to  the  surface  on  which  all  the  lines  of  intersec- 
tion lie  (the  median  plane)  and  the  cylindrical  surface,  will  have 
their  images  formed  on  corresponding  retinal  points.  Now,  such 
common  points  evidently  lie  in  the  straight  lino  in  which  the  median 
plane  cuts  the  cylindrical  surface — a  straight  line  passing  through  the 
point  of  fixation  and  at  right  angles  to  the  visual  plane.     This  line 


V\i..  2|;i. 

is  also  part  ot  the  horopter  in  the  given  position  of  the  eye.  In  the 
above  discussion  we  have  assumed  for  the  sake  of  simplicity  that  the 
true  middle  longitudinal  meridian  of  the  retina  is  at  right  angles  to 
the  middle  transverse  meridian.  In  most  eyes  this  is  not  the  case, 
and  the  Imear  [>art  of  the  horopter  is  not  at  right  angles  to  the  visual 
plane,  but  cuts  it  obliquelj',  the  upper  end  of  the  straight  hne  being 
tilted  away  from  the  eyes. 

It  can  be  proved  very  easily  by  elementary  geometry  that  the 
images  of  any  point  B  lying  in  Miiller's  horopteric  circle  (Fig.  250)  fall 
on  corresponding  retinal  points.  For  if  C  and  D  are  the  nodal  points 
of  the  two  eyes,  and  A\  A",  the  centres  of  the  foveie,  the  angles  DAC, 
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Cyclops  in  which  Ulysses  twirled  the  burning  brand  with  such 
unscientific  gusto.  Then  the  direction  in  space  of  any  object  is 
given  by  joining  the  point  of  the  retina  on  which  its  image  is  cast  to 
the  nodal  point,  and  producing  this  straight  line.  Let  the  points  P\ 
P"  in  Fig.  251  be  pricked  out  and  the  eyes  then  superposetl  so 
that  A'  and  A'  coincide 
as  in  Fig.  253.  It  is 
evident  that  hole  P' 
will  lie  to  the  right  of 
hole  P',  and  tliat  the 
line  joining  V  to  the 
nodal  point  will  fall  to 
the  left  of  that  joining 
P"  to  the  nodal  point. 
The  image  /'  which  is 
towards  the  left  in  the 
visual  field  will  there 
fore  belong  to  the  left 
eye — in  other  words,  the 
images  will  be  un- 
crossed ;  and '  closing 
either  of  the   eyes  will  i^'c- =53-  M«.  35-.. 

extinguish  the  image  of  the  corresponding  side. 

When  the  point  which  is  seen  double  is  within  the  horopieric 
circle,  as  Q  in  Fig.  ^52,  Q"  is  farther  to  the  right  than  Q'  when  the 
eyes  are  superpo<»;d  as  in  Fig.  254,  therefore  the  image  y'  belonging 
to  the  left  eye  will  correspond  to  the  rightward  of  the  double  images 
— that  is,  the  images  are  crossed ;  when  the  left  eye  is  closed  the  right- 
hand  image  /  disappears ;  when  the  right  eye  is  closed  it  is  the  left- 
ward image  j^'  which  is  cut  out. 

Now,  as  we  have  said,  the  images  of  many  objects  must 
in  almost  every  act  of  vision  be  formed  on  points  of  the 
retinae  which  are  not  identical;  and  the  question  arises, 
How  is  it  that  we  do  not  see  these  double  images  ?  This  is 
one  of  the  difficulties  of  the  theory  of  identical  points.  The 
following  is  a  partial  explanation  :  (i)  The  images  of  objects 
in  the  portion  of  the  field  most  distinctly  seen,  that  is,  the 
portion  in  the  immediate  neighbourhood  of  the  intersection 
of  the  visual  lines,  or  the  part  to  which  the  ga^e  is  directed, 
are  formed  on  identical  points  ;  and  by  rapid  movements  the 
eyes  fix  successively  different  parts  of  the  field  of  view. 
(2)  Vision  grows  less  distinct  as  we  pass  out  from  the  centre 
of  the  retina,  and  we  are  accustomed  to  neglect  the  blurred 
peripheral^images  in  comparison  with  those  formed  on  the 
fovea.     (j>  When  the  image  of  an*p\)jecl  dots  iio>.  V*^  Qvw 
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of  the  amount  of  this  c| 
the  contraction  of  the  i 
is  another  element  invc 
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IS  found  that  the  resultant  impression  is  that  of  the  solid  object. 
It  is  impossible  to  reconcile  this  with  the  doctrine  of  strictly  identical 
points.  A  pair  of  identical  pictures 
gives  with  the  stereoscope  not  the 
impression  of  a  solid,  but  of  a  plane 
surface.  If  the  relative  position  of 
any  two  points  differs  in  the  two 
pictures,  the  blended  picture  has  a 
corresponding  point  in  high  or  low 
relief.  So  great  is  the  delicacy  of 
this  test  that  a  good  and  a  bad 
banknote  will  not  blend  under  the 
stereoscope  to  a  flat  surface,  and 
the  method  may  be  actually  used 
for  the  detection  of  forgery. 

When  the  pictures  are  inter- 
changed in  the  stereoscope  so  that 
the  image  which  ought  to  be  formed 
on  the  right  retina  falls  on  the  left, 
and  that  which  is  intended  for  the 
left  eye  falls  on  the  right,  what 
were  projections  before  become 
hollows,  and  what  were  hollows 
stand  out  in  relief  The  pseudo- 
scope  of  Wheatstone  is  an  arrange- 
ment by  which  each  eye  sees  an 
object  by  reflection,  so  that  the 
images  which  would  be  formed  on 
the  two  retinje,  if  the  object  were 
looked  at  directly,  are  interchanged, 
with  the  same  reversal  of  our  judgments  of  relief. 


Fig.  255.— BttKWsrcR  s  Sterko- 

SCOPE. 

P  and  ■■  RW  piismt.  with  ibeir  re- 
fracting angles  turned  towards  excb 
oilier.  The  prisms  rtrrraci  the  rays 
coming  from  ihi*  points  c,  7  of  the 
pictures  ab  And  "^  au  tbat  Ihcy 
appear  to  come  Ironi  a  single  point  q. 
SimiUrly.  (he  poinis  lI  and  »  appear 
to  be  situated  at  /,  and  the  points  b 
and  f>  at  *. 


Vimal  Judgment!.  —  We  say  judgments  of  relief;  for 
what  we  call  seeing  is  essentially  an  act  that  involves 
intellectual  processes.  As  the  retina  is  anatomically  and 
developmen tally  a  projection  of  the  cerebrum  pushed  out 
to  catch  the  waves  of  light  which  beat  in  upon  the 
organism  from  every  side,  so  physiologically  retina,  optic 
nerve  and  visual  nervous  centre  are  bound  together  in  an 
indissoluble  chain.  We  cannot  say  that  the  retina  sees,  we 
cannot  say  that  the  optic  nerve  sees— the  optic  nerve  in 
itself  is  blind^we  cannot  say  that  the  visual  centre  sees. 
The  ethereal  waves  falling  on  the  retina  set  up  impulses  in 
it  which  ascend  the  optic  nerve  ;  certain  portions  of  the 
brain  are  stirred  to  action,  and  the  resulting  sensations  of 
light  spfwging  up,  we  know  not  w\iete,  atit  fc\'aXiCi\^>A&..,'«^j 
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could  not  in  ihe  least  say  which  -was  the  cube  and  which  the  sphere.' 
It  took  several  days,  and  the  objects  had  to  be  placed  many  times 
in  his  hands  before  he  could  tell  them  by  the  eye.  *  He  said  every- 
thing touched  his  eyes,  and  walked  most  carefully  about,  with  his 
hands  held  out  before  him  to  prevent  things  hurting  his  eyes  by 
touching  them.' 

The  Apparent  nxe  and  form  of  an  object  is  intimately 
related  to  the  size,  form,  and  sharpness  of  its  image  on  the 
retina.  We  are,  therefore,  able  to  discriminate  with  great 
precision  the  unstimulated  from  the  excited  portions  of  that 

In  A  the  o|Niau«  body  p 
■!(  in  the  plane  of  the  pQplL 
W\t  position  of  the  shadow 
reUltirely  to  Ihe  bright  field 
u  not  altered  when  the 
illamiaaUDS  prnctl  is 
focusscd  ai  r*  inMead  of 
K  In  B  the  opaque  tody 
i>  in  front  of  the  plane  of 
the  pupil  Whrn  P  is 
lowcrrd  to  P.  the  shadow 
nio^es  toirards  the  upper 
edge  of  ihc  brieht  held, 
and  d/>t«rrf  tomovedowD- 
wnrds  in  the  visual  fidd. 
When  P  is  raised,  the 
khadow  moves  lowanls  the 
loaer  edge  of  the  bri|[ht 
field,  and  appean  to  move 
upwards.  In  Cihe  opaque 
bodv  ik  behind  the  plane  of 
the  pupiL  When  P  is 
moved  downH-ards  to  I", 
Ihe  shadow  moves  towards 
the  lower  edge  of  ihc  bright 
Aeld.  and  uppnrs  to  the 
peraon  under  observation 
io  move  upwards,  and  vitt- 
i-^r}4  when  P  is  moved  up- 
wards. The  further  the 
opaque  Iwdv  is  from  the 
pupil,  the  greater  is  ihe 
apparent  nioreriient.  or 
parallax,  of  its  shadow  for 
a  given  movf-ment  t>l  the 
source  of  li^ht. 

Fig.  356. 

membrane,  especially  in  the  fovea  centralis,  and  also  the 

degree  of  excitation  of  neighbouring  e.xcited   parts.     But 

instead  of  localizing  the  image  on  the  retina  as  we  localize 

on  the  skin  the  pressure  of  an  object  in  contact  with  it, 

we  project  the  retinal  image  into  space,  and  see  everything 

utside  the  eye.     In  vision,  in  fact,  we  have  no  conccij^va^ 

0/  the  existence  of  either  retina  or  lelmaVxttv^^jf,  ^tx^v^^ct 
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Fig.  357.— Method  hk    KF-Nr*r.RiNG    the    KSTiNAL 

IU.6nDVe&SRI3     VIvIRI  fC      BT     COHCEKTBATIMG      A 

BEJU4  UP  Light  on  the  Sclerotic. 
p  From  the  brightly  illunilnaiM  point  of  the  sclerotic, 
't,  nys  is&uc,  and  n  ithadovt-  of  a  vessel,  v,  ts  out  nt  ii'. 
Ii  it  referred  lo  an  extern:il  point  a"  in  the  direction  of 
the  itraight  line  jolnmg  a'  with  the  nodal  point.  When 
the  ligSi  1^  ^hiftcl  so  Aft  ro  be  focimed  at  h,  ihr  shadow 
CASt  at  !>'  is  referred  10  f,  i.t..  it  appears  to  moire  id  the 
same  direction  a»  the  illuminated  point  of  the  tclerotic 


interior  of  ihe  e>eball  in  every  direction  cast  shadows  of  the  vessels 
of  the  retina  on  its  sensitive  layer.  In  the  second  method,  the  image 
of  the  flame  formed 
on  the  retina  by  rays 
falling  obliquely 
through  the  pupil  be- 
comes in  the  general 
darkness  itself  asource 
of  light,  by  interrupt- 
ing the  rays  from 
which  the  retinal 
vessels  form  shadows. 
The  distance  of  the 
sensitive  from  the  vas- 
cular layer  may  be 
approximately  calcu- 
lated by  measuring  the 
amount  by  which  the 
shadows  change  their 
position,  when  the 
position  of  the  illu- 
minated point  of  the 
sclerotic  is  altered. 
The  nearer  a  vessel 
lies  to    the    sensitive 

tayer,  the  smaller  must  be  the  angle  through  which  the  apparent 
position  of  its  shadow  moves  for  a  given  movement  of  the  spot  of 
light  In  this  way  it  has  been 
calculated  that  the  sensitive 
layer  is  about  o*i  to  03  mm. 
behind  the  stratum  which  con- 
tains the  bloodvessels.  This 
corresponds  sufllicicntly  well 
with  the  position  of  the  layer 
of  rods  and  cones,  which  all 
other  eviHence  shows  to  l>c 
the  portion  of  the  retina 
actually  stimulated  by  light. 
The  shadows  of  the  blood- 
corpuscles  in  the  retinal 
vessels  may  be  rendered  visi- 
ble by  looking  at  a  bright  and 
uniformly  illuminated  ground, 
like  the  milk  glass  shade  of  a 
lamp  or  the  blue  sky,  and 
moving  the  slightly  separated 
fingers  or  a  perforated  card 
rapidly  before  the  eye.  From 
the    rate    o(  their    apparent 

movement,  Vierordt  caJcuIated  the  vclocUy  oi  \.VeHoQ^\tv  ^t -^^xxtcs^. 
capillaries  at   05    to  09  mm.    per  second.     Oiv^i  ttaaoxi  '^Vv'i  "^^ 
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rajrs  proceeding  from  a'  cast  a  shadow  of  the 
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ix'iin.i  moves  to  6",  and  the  shadow  {a  tibK 
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flbadcpm  of  these  intn-retinal  structures  do  not  appear  in  oi 
vxnon  seems  to  be  tbeir  small  sue.      The   retirul   vessels 
tcality  only  vascular  threads;    the  thickest  branch  of  the 
vein  is  not  |\  mm*  in  diameter.     The  apex  of  the  cone  of  a 
pletc  shadow  \umbra)  cast  by  a  disc  of  this  size,  nt  a  di 
ao  mm.  from  a  pQp*^  4  >»<"*  *^e,  would  lie  only   ^  mm. 
the  disc — that  is  to  ^y,  the  umbra  of  the  retinal  vessels  w* 
reach  the  layer  of  the  rods  and  cones  at  all,  and  only  the  peni 
or  regioo  of  rebtire  darkness,  would  fall  upon  it. 

When  the  eyes,  after  being  closed  for  some  time,  are 
opened,  the  branches  of  the  retinal  vessels  may  be  seen  for  a 
This  cs  especially  the  case  after  sleep ;    and  a  pood  view 
pbenomenon  may  be  obtained  by  looking  at  a  white 
ceiling  immediately  on  awaking.     If  the  eyes  are  kept  o[ 
seconds,  the  branching  pattern  fades  away  ;  if  they  are  only  alia 
to    mmin  open  for   an  instant,  it   may  be  seen    many  lit 
suoccsakxi. 

BeUtioii  of  the  rods  and  conet  to  tisIoq. — We  have 
than  once  referred  to  the  rods  and  cones  as  the 
layer  of  the  retina.     It  is  now  necessary  to  develop 
more  the  evidence  in  favour  of  this  statement 
the  outset,  since  the  sensitive  layer  has  been  shoHH 
behind  the  plane  of  the  retinal  bloodvessels,  the  only 
petitors  of   the   rods  and  cones  are  the   exteraal   : 
layer  and  the  pigmented  epithelium.     The   nuclea: 
may  be  at  once  excluded,  because  in  the   fovea  cen6 
where  vision  is  most  distinct,  it  becomes  very-  thin 
conspicuous. 

The  layer  of  pigmented  hexagonal  cells,  or  at  1 
pigment,  cannot  be  essential  to  vision,  for  albino  rats, 
and  men,  in  whose  eyes  pigment  is  absent,  can  see. 
and  most  mammals  there  are  cones,  but  no  rods  in  the 
spot  and  fovea  centralis;   the  relative  proportion 
increases  as  we  pass  out  from  the  fovea  towards 
serrata    But  this  does  not  enable  us  to  analyze  the 
layer  into  sensitive  cones  and  non-sensitive  rods,  for 
rim  of  the  retina,  which  is  still  sensitive  to  light,  t 
only  rods ;  in  the  bat  and  mole  there  are  no  cones 
yellow  spot,  in  the  rabbit  very  few.     Reptiles  po; 
cones  over  the  whole  retinal  surface,  and  birds,  true 
reptiWan  attvu\ues,  Vv-aNe  e\trf«V«x«.  tx»»%  ^jc^^fts^ 
as  have  a\so  fisXv. 
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One  of  the  most  serious  difficulties  in  the  way  of  under- 
standing how  a  ray  of  light  can  set  up  an  excitation  in  a  rod 
or  cone  is  the  transparency  of  these  structures.  An  absolutely 
transparent  substance — that  is,  a  substance  which  would 
allow  light  to  traverse  it  without  the  least  absorption — 
would,  after  the  passage  of  a  ray,  remain  in  precisely  the 
same  state  as  before ;  its  condition  could  not  be  altered  by 
the  passage  of  the  light  unless  some  of  the  energy  of  the 
ethereal  vibrations  was  transferred  to  it.  But  an  absolutely 
transparent  body  does  not  exist  in  nature;  and  it  is  not 
necessary  to  suppose  that  all  the  energy  required  to  stimulate 
the  end-organs  of  the  optic  nerve  comes  from  the  luminous 
vibrations.  These  may,  and  probably  do,  act  by  setting 
free  energy  stored  up  in  the  retina,  just  as  the  touch  of  a 
child's  hand  could  be  made  to  fire  a  mine,  or  launch  a  ship, 
or  flood  a  province.  Some  have  looked  upon  the  transverse 
lamella;  into  which  the  outer  members  of  the  rods  and  cones 
can  be  made  to  split  as  an  arrangement  for  reHecting  back 
the  light  to  the  inner  members,  and  have  compared  them  to 
a  pile  of  plates  of  glass,  which,  transparent  as  it  is,  is  a  most 
efficient  reflector.  It  is  even  possible,  although  here  we  are 
already  treading  the  thin  air  of  pure  speculation,  that  the 
light  may  be  polarized  in  the  process  of  reflection,  and  that 
the  rods  and  cones  may  be  less  transparent  to  light  polarized 
in  certain  planes  than  to  unpolarLzed  light. 

As  to  the  nature  of  the  transformation  undergone  by  the 
hereal  vibrations  in  the  rods  and  cones,  various  theories 
have  been  formed  Some  have  supposed  that  the  absorbed 
light-waves  are  transformed  into  long  heat-waves,  and  that 
the  endings  of  the  optic  nerve  are  thus  excited  by  thermal 
stimuli.  This  hypothesis  has  so  little  evidence  in  its  favour 
that  it  is  perhaps  an  unjustiBable  waste  of  time  even  to 
mention  it.  It  is  ruled  out  of  court  by  the  mere  fact  that 
the  long  radiations  of  the  ultra  red,  filtered  from  luminous 
rays  by  being  passed  through  a  solution  of  iodine,  and 
focussed  on  the  eye  by  a  lens  of  rock-salt,  produce  not  the 
slightest  sensation  of  light,  although  they  are  by  no  means 
all  absorbed  in  their  passage  through  the  dioptric  media. 
Again,  it  has  beea  suggested  that  iVieenw^*^  cA  N>:vt  n«v«^^  ^^ 
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light  the  yellowish -green  rays  bleach  the  purple  most  rapidly,  the 
red  rays  most  slowly. 

If  a  portion  of  the  retina  is  kept  dark  while  the  rest  is  exposed  to 
light,  only  the  latter  portion  is  bleached.  And  when  the  image  of  an 
object  possessing  well-marked  contrasts  of  light  and  shadow  {e.^.^  a 
glass  plate  with  strips  of  black  paper  pasted  on  it  at  intenals,  or  a 
window  with  dark  bars),  is  allowed  to  fall  on  an  eye  otherwise  pro- 
tected from  light,  the  pattern  of  the  object  is  picked  out  on  the  retina 
in  purple  and  white.  .\  veritable  photograph  or  'optogram '  may  thus 
be  formed  even  on  the  retina  of  a  living  rabbit  ;  and  if  the  eye  be 
rapidly  excised,  the  picture  may  be  *  tixed '  by  a  solution  of  alum,  and 
thus  rendered  permanent. 

These  facts  certainly  suggest  that  light  falling  on  the 
retina  may  cause  in  some  sensitive  substance  or  substances 
chemical  changes,  the  products  of  which  stimulate  the  end- 
ings of  the  optic  nerve,  and  set  up  the  impulses  that  result 
in  visual  sensations. 

The  visual  purple  cannot  itself  be  such  a  substance,  for  it  is 
absent  from  the  cones  of  all  animals  and  the  rods  ol  some. 
Frogs  and  rabbits  can  undoubtedly  see  at  a  time  when, 
by  continued  exposure  to  bright  sunlight,  the  purple  must 
have  been  completely  bleached.  And  although  the  absence 
of  the  pigment  in  the  eye  of  the  bat  might  seem  to  afford 
a  ready  explanation  of  the  proverbial  'blindness'  of  that 
animal,  such  a  hasty  deduction  would  be  at  once  corrected 
by  the  fact  that  birds  with  as  sharp  vision  as  the  pigeon  are 
equally  devoid  of  visual  purple.  The  pigmented  retinal 
epithelium  is  undoubtedly  sensitive  to  light,  and  has  im* 
portant  relations  to  the  formation  of  the  visual  purple. 
When  the  eye  is  exposed  to  light  the  pigmented  cells  push 
down  processes  between  the  rods.  In  the  dark  they  draw 
them  back  again,  so  that  while  it  is  easy  to  separate  the 
retina  without  the  pigmented  layer  from  the  eye  of  an 
animal  kept  in  the  dark,  the  hexagonal  epithelium  always 
adheres  to  a  retina  which  has  shortly  before  death  been  acted 
upon  by  light.  The  precise  meaning  of  these  changes  of 
form  in  the  pigmented  cells  is  unknown.  It  has  been 
plausibly  urged  that  in  bright  light  the  processes  that  stretch 
in  among  the  rods  serve  as  insulators  to  confine  the  excita- 
tion by  preventing  the  lateral  passage  ol  se^AXtt^^Xv^^.  V\<^vr. 
one  element  to  another ;  but  it  Tna.y  be  X'haX.  X^e.  ^^qnsi\^W5X'&> 
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colour,  purple.  The  globules  are  composed  chiefly  of  fat  with  the 
pigments  (chromophanes,  as  they  have  been  called)  dissolved  in  iL 
The  function  of  these  globules  is  unknown.  They  cannot  be  con- 
cerned in  colour  vision,  or,  at  least,  they  cannot  be  essential  to  it, 
for  in  the  human  retina  they  do  not  exist. 

The  yellow  pigment  of  the  macula  iutea  does  not  belong  to  the  I 
layer  of  rods  and  cones ;  it  only  exists  in  the  external  molecular  I 

Iiyer  and  the  layers  in  front  of  it ;  in  the  fovea  centralis  it  is  absent  I 
The  Blind  Spot. — The  fibres  of  the  optic  nerve  are  insensible 
o  light ;  light  only  stimulates  them  through  their  end-organs. 
This  can  be  proved  by  directing  by  means  of  an  ophthalmo- 
scope a  beam  of  light  upon  the  optic  disc,  where  the  true 
retinal  layers  do  not  exist.  The  person  experimented  on 
has  no  sensation  of  light  when  the  beam  falls  entirely  upon 
the  disc  ;  when  its  direction  is  shifted  so  that  it  impinges 
upon  any  other  portion  of  the  retina,  a  sensation  of  light  is 
at  once  experienced.  The  blind  spot  is  not  recognised  in 
ordinar>-  vision,  for  (i)  the  two  optic  discs  .do  not  corre- 
spond. The  left  disc  has  its  corresponding  points  on  a 
sensitive  part  of  the  right  retina,  and  the  right  disc  on  a 
sensitive  part  of  the  left  retina ;  and  the  consequence  is  that 
in  binocular  vision  the  objects  whose  images  are  formed  on 
the  corresponding  points  fill  up  the  blind  spots.  (2)  The 
optic  disc  does  not  lie  in  the  line  of  direct,  and  therefore 
distinct,  vision.  The  eye  is  constantly  moving  so  as  to  bring 
the  surrounding  objects  successively  on  the  fovea  centralis  ; 
and  the  gap  which  the  blind  spot  makes  in  the  visual  field 
of  a  single  eye  is  thus  more  easily  neglected.  In  any  case 
we  ought  not  to  see  it  as  a  dark  spot,  for  darkness  is  only 
associated  with  the  absence  of  excitation  in  parts  of  the 
retina  capable  of  being  excited  by  light.  There  is  no  more 
reason  why  the  optic  discs  should  appear  dark  than  there  is 
for  our  having  a  sensation  of  darkness  behind  us  when  we 
are  looking  straight  in  front.  And  since  the  experience  of 
our  other  senses,  the  sense  of  touch,  for  example,  tells  us 
that  the  objects  we  look  at  do  not  in  general  have  a  gap  in 
the  position  corresponding  to  the  part  of  the  image  that 
Calls  on  the  blind  spot,  wc  see,  so  to  speak,  across  the  spot. 

By  TiLaxiotte's  experiment,  however,  t\\e  tx\«.\.twc*i  q\  ^l^t  X^v^^ 
spot  can  not  only  be  denionslraled,  but  Vl&  s\ifc  dc.\KTtsw\«A  w^^  "^^ 
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material  which  the  stimulus  serves  only  to  fire  off.  The 
retina,  like  the  muscle,  is  exhausted  by  its  activity,  and 
recovers  during  rest.  Like  the  muscle  curve,  the  curve  of 
retina]  excitation  rises  not  abruptly,  but  with  a  measurable 
slowness  to  its  height,  and  when  stimulation  is  stopped, 
takes  a  sensible  time  to  fall  again.  With  comparatively 
slow  intermittent  stimuli  the  retinal,  like  the  muscle  curve, 
flickers  up  and  down.  When  the  rate  of  stimulation  Js 
increased,  the  steady  contraction  of  the  tetanized  muscle 
is  analogous  to  the  fusion  of  the  individual  stimuli  by  the 
tetanized  retina  (or  retino-cerebral  apparatus)  into  a  con- 
tinuous sensation  of  light.  But  the  ma.\imum  retinal  excita- 
tion which  a  stimulus  of  given  strength  can  call  forth 
depends  much  more  closely  upon  the  time  during  which  the 
stimulus  acts  than  the  maximum  contraction  does  upon  the 
length  of  the  muscular  stimulus. 

As  the  strength  of  the  light  increases  in  geometrical  pro- 
gression, the  time  during  which  it  must  act  in  order  to  pro- 
duce its  maximum  effect  decreases  approximately  in  arith- 
metical progression  (Exner).  For  light  of  moderate 
intensity  this  time  is  about  \  second.  As  soon  as  the 
stimulus  of  light  is  withdrawn  the  retinal  excitation  begins 
to  sink;  while  a  stimulated  muscle  need  not  even  com- 
mence its  contraction  till  the  stimulus  has  ceased  to  act. 
The  result  is,  that  while  a  muscle  in  complete  tetanus 
reaches  a  degree  of  contraction  as  great  as,  or  greater  than, 
that  produced  by  any  one  of  a  series  of  stimuli  acting  alone, 
the  retinal  excitation,  as  measured  by  the  resultant  sensation, 
is  always  less  when  a  succession  of  similar  stimuli  are  fused 
than  when  any  one  of  the  stimuli  is  allowed  to  produce 
its  maximum  effect. 

U  the  time  of  each  stimulus  is  equal  to  the  interval  during  which 
there  is  no  stimulation,  the  sensation,  when  complete  fusion  has  been 
reached,  is  the  same  as  would  be  produced  by  a  constant  light  of 
half  the  strength  employed.  And,  in  general,  if  m  be  the  pro- 
portion of  the  time  during  which  the  eye  is  stimulated  by  a  light  of 
intensity  /,  and  n  the  proportion  of  the  time  during  which  it  is  not 
stimulated,  the  resultant  impression  is  the  same  as  that  which  would 

be  produced  by  an  uninterrupted  light  of  intensity  I    -— -  I/.     This 

is  T&lbot'ti  law,  which  may  be  expressed  without  vl\ft  aid.  cS.  v^wlat^ss. 
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Instead  of  the  long  and  short  rays  falling  together  on  the  I 

same  elements  of  the  retina,  as  they  did  in  the  absence  of  I 

the  prism,  they  now  fall,  if  proper  precautions  have  been  I 

taken  to   secure  a  pure   spectrum,   in    regular  order  from  I 

one   side  to   the  other  of  the  portion  of  retina  on  which  ■ 

the  image  is  formed.     The  physical  condition,  then,  of  our  I 

sensations  of  the  prismatic  colours  is,  that  rays  of  approxi-  I 

mately  the  same  wave-length  should  fall  unmixed  with  other  I 

rays  upon  the  retinal  elements.     Rays  of  a  wave-length  of  ■ 

76o,5Vff  ^o  650Tffff7j  give  the  sensation  of  red  ;  from  650^5-5^  I 

to  590TDOC.  the  sensation  of  orange ;  from  430itj*W  to  400roV5'  I 

the  sensation  of  violet,  and  so  on.     When^rays  of  all  these  I 

wave-lengths  fall  together,  in  the  proportions  in  which  they  I 

are  present  in  sunlight,  upon  the  same  part  of  the  retina,  I 

the  resultant  physiological  effect  is  very  different ;  we  are  I 

no  longer  able   to   distinguish  red,   blue,   green,  etc;    we  I 

receive  the  single  sensation  of  white  light.     The  sensation  I 

is  a  simple  one;  in  consciousness  we  have  no  hint  that  it  I 

has  a  multiple  physical  cause.  ■ 

But  we  6nd   further  that   it   is   not   necessary  for  the  I 

sensation  of  white  light  that  \vaves  of  every  length  present  I 

in  the  solar  spectrum  should  be  mixed.     If  rays  of  wave-  ■ 

length  675j^Vv  (which  acting  alone  produce  the  sensation  I 

of  red)  be  mixed  in  certain  proportions,  ut.,  be  allowed  to  J 

fall  on  the  same  part  of  the  retina,  with  rays  of  wave-length  I 

4961DW  (which  give  the  sensation  of  bluish-green),  the  re-  I 

suttant  sensation  is  also  that  of  white  light.     And  an  indefi-  I 

nite  number  of  sets  can  be  combined,  two  and  two,  so  as  to  I 

(;ive  the  same  sensation  of  white.     Such  colours  are  called  I 

complementary.     The   following  are  pairs    of  complemen-  I 

tary  colours :  ■ 

Red  and  greenish-blue.              Yellow  and  indigo-blue.  I 

Orange  and  cyan-blue.               Greenish  yellow  and  violet.  1 

The  green  of  the  spectrum  has  no  gimple  complementary  ■ 

colour;  purple,  a  mixture  of  red  and  violet,  may  be  considered 

complementary  to  it.     Suppose  now  that  one  of  a  pair  of 

complementary  colours  is  added   to   the   other  in   greater 

intensity  than  is  required  to  give  white,  th&  Tt^\xVVa.Tv\.  ^^wyji.- 

ixon  is  a  colour  which  has  a  certain  amourvV  oV  \^sJe;''K^A'i^v^^ 

both  to  white  and  to  the  colour  present  "\icv  e:^c:ft%%.    "Vtoas.,^ 
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must  take  place ;  and  we  have  to  inquire  what  the  simplest 
assumptions  are  which  will  explain  all  the  phenomena. 
Now  it  is  not  possible,  from  two  spectral  colours  alone,  to 
produce  a  sensation  corresponding  to  any  of  the  others. 
By  mixing  three  standard  spectral  colours,  however,  in 
various  proportions,  we  can  produce  not  only  the  sensation 
of  white  light,  but  that  of  every  colour  of  the  spectrum. 

The  simplest  assumption  we  can  make,  then,  is  that  there 
are  three  standard  sensations,  and  that  either  the  retina 
itself  can  respond  by  no  more  than  three  distinct  modes  of 
excitation  to  the  multiplex  stimuli  of  the  luminous  vibra- 
tions, or  that  complex  impulses  set  up  in  the  retina  are 
reduced  to  simplicity  because  the  central  apparatus  is 
capable  of  responding  by  only  three  distinct  kinds  of  sensa- 
tion. Which  three  sensations  we  select  as  fundamental  or 
primary  is,  to  a  certain  extent,  arbitrary.     Fick  chooses  red. 


Fig.  36j.  — Diagram  of  Cdkvbs  ok  txciTAhiLiTv  ok  thf.  Tiirke  FriiRE-c;ii*.ui'S- 


green,  and  blue  ;  most  commonly  red,  green,  and  violet  are 
accepted  as  the  primary  colours.  The  theory  which  best 
explains  the  facts,  and  has  been  most  widely  accepted,  is 
that  of  Young,  generally  called,  on  account  of  its  adoption 
and  extension  by  Helmholtz,  the  Toung-Helmholtz  theory. 
It  assumes  that  in  the  retina,  or  in  the  retino-cerebral 
apparatus,  there  are  three  kinds  of  elements  — (i)  'jed 
fibres,'  which  are  chiefly  excited  by  light  of  comparatively 
long  wave-length  (red),  to  a  less  extent  by  light  of  medium 
wave-length  (green),  and  to  a  still  less  extent  by  the  shortest 
visible  waves  (violet) ;  (2)  *  green  fibres,*  mainly  excited  by 
medium,  but  also  to  a  certain  extent  by  long  and  short 
waves;  (3)  '  violet  fibres,* chiefly  affected  by  the  short  vibra- 
tions, less  by  the  medium,  and  still  less  by  the  lon^ 
waves.  The  cur^'es  in  Figs.  26;^  and  i^\  '\\\>\?X\"aV^  "CftR.^^ 
relations.    It  must  be  carefully  temeTObcxtd.  SJoa-V  \>.«^  ^^^ 
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middle  of  the  lalter.  The  explanation,  on  the  V'oung-Helmholtz 
theory,  is  that  the  'green  '  fibres  being  lired  before  the  eye  is  turned 
upon  the  red,  the  latier  colour  no  longer  affecls  them,  or  affects  them 
less  than  it  would  otherwise  do.  and  therefore  the  excitation  is  almost 
entirely  confined  to  the  red  fibres  in  the  area  fatigued  for  green. 
This  brings  us  to  the  subject  of  retinal  fatigue,  and  the  related 
phenomena  of  after-images  and  contrasL 

After-Images. — We  have  seen  that  the  retinal  excitation 
always  takes  time  to  die  away  after  the  stimulus  is  removed. 
If  a  white  object  is  looked  at,  especially  when  the  eye  is 
fresh,  for  a  time  not  long  enough  to  cause  fatigue,  and  the 
eye  is  then  closed,  an  image  of  the  object  remains  for  a  short 
time,  diminishing  in  brightness  at  first  rapidly,  then  more 
slowly.  This  is  a  positive  after-image,  and  by  careful  obser- 
vation it  may,  under  certain  conditions,  be  seen  that  the 
positive  after-image  of  a  white  object,  of  a  slit  illuminated 
by  sunlight,  for  example,  undergoes  changes  of  colour  as  it 
fades,  passing  through  greenish-blue,  indigo,  violet,  or  rose, 
to  dirty  orange.  On  the  Young-Helmholtz  theory  this  is  ex- 
plained by  the  supposition  that  the  excitation  does  not  decline 
with  the  same  rapidity  in  the  three  hypothetical  hbre  groups. 
If  the  object  is  looked  at  for  a  longer  time,  or  if  the  eye  is 
fatigued,  a  dark  or  negative  image  may  be  seen  upon  the 
faintly-illuminated  ground  of  the  closed  eyes;  but  negative 
after-images  may  be  more  easily  obtained  when  the  eye,  after 
being  made  to  fix  a  small  white  object  on  a  black  ground,  is 
suddenly  turned  upon  a  white  or  neutral  tint  surface. 

Here  the  portion  of  the  retina  on  which  the  image  of  the  object 
is  formed  may  be  assumed  to  be  more  or  less  fatigued  And  this 
fatigue  will  extend  to  all  three  kinds  of  fibres ;  so  that  while  light  of 
a  given  intensity  will  now  cause  less  excitation  in  this  part  than  in 
the  rest  of  the  retina.  It  is  easy  to  understand  that  the  negative 
after-image  of  a  coloured  object  will  be  seen,  upon  a  white  ground, 
in  the  complementary  colour,  for  the  fibres  chiefly  excited  by  the 
latier  will  have  been  least  fatigued.  The  negative  after-images  seen 
when  the  eye,  after  receiving  the  positive  impression,  is  turned 
upon  a  coloured  ground,  vary  with  the  colour  of  the  object  and 
ground  in  a  manner  which  can  be  readily  explained  as  due  to  fatigue 
of  one  or  other  fibre  group 

The   phenomena   of   negative  after-images    are    often    included 
together  as  examples   of  successive    contrast,   the    name   implying 
mutual  influence  i.>f  the  portions  of  the  retina  sMC^ieaw^^V^  svcwa- 
bted.     Ue  have  now  to  consider  s\mu\laneo\is  cotvVi^sV Q.\v«\v^'^«jc^ 
of  simply  as  contrast. 
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patch  was  of  the  colour  complementary  to  green  ;  that  is,  rose- 
red.  The  mind,  therefore,  judges  falsely  that  the  patch  is  red. 
Hering  has  severely  criticised  this  theory  of  Helmholu  as  to  false 
judgments ;  and  the  weight  of  evidence  certainly  seems  to  be  in 
favour  of  the  view  that  simultaneous,  like  successive,  contrast  is  due 
lo  the  influence  of  one  portion  of  the  retina,  or  retino-cerebral 
apparatus,  on  another. 

The  Young- HelmhoiU  theory  of  colour  vision  has  not 
met  with  universal  acceptance.  The  most  important  rival 
theory  is  that  of  Hering,  who  takes  his  stand  upon  the  fact 
that  certain  sensations  of  light  (red,  yellow,  green,  blue, 
white,  black)  do  appear  to  us  to  be  fundamentally  distinct 
from  each  other,  while  all  the  rest  are  obviously  mixtures 
of  these.  Accepting  these  six  as  primary  sensations,  he 
assumes  the  existence  in  the  visual  nervous  apparatus  of 
substances  of  three  different  kinds,  which  may  be  called  the 
black-white,  the  green*red,  and  the  blue-yellow.  Like  all 
other  constituents  of  the  body,  these  substances  are  broken 
down  and  built  up  again ;  in  other  words,  undergo  disassi- 
milation  and  assimilation,  destructive  and  constructive 
metabolism.  The  sensation  of  black,  of  green,  and  of  blue 
he  supposes  to  be  associated  with  the  constructive,  and  the 
sensations  of  white,  of  red,  and  of  yellow  with  the  destruc- 
tive, processes  in  the  three  substances.  The  black-white 
substance  is  used  up  under  the  influence  of  all  the  rays  of 
the  spectrum,  but  in  different  degrees  ;  the  smaller  the 
quantity  of  light  falling  on  the  retina,  the  more  rapidly  is  it 
restored,  and  the  more  intense  is  the  sensation  of  black. 
The  green-red  substance  is  built  up  by  green  rays,  broken 
down  by  red.  The  blue-yellow  substance  is  destroyed  by 
yellow  rays,  restored  by  blue.  When  any  of  the  visual 
substances  are  consumed  at  one  part  of  the  retina,  they  are 
supposed  to  be  more  rapidly  built  up  in  the  si^rounding 
parts,  and  in  this  way  many  of  the  phenomena  of  contrast 
receive  an  easy  and  natural  explanation. 

BenaibUity  of  Different  Parts  of  the  RctiiUL— The  perception  of 
colours,  like  the  perception  of  white  light,  is  not  equally  distinct 
over  the  whole  retina.  We  have  repeatedly  had  occasion  to  refer  to 
the  fovea  centralis  as  the  region  of  most  distinct  vision ;  but  it 
would  be  a  mistake  to  suppose  that  \l  is  \\\«iTeXo\t  x\*iQ,wfiA\'\'^  tsnksv^ 
sensitive  than  the  rest  of  the  retina.     As  a  maXVex  o^  ^acx, 'w^iKCv'iosi. 


«ad  hi 


ffisc  when  a  source  of  white  light  is  looked  at  through  a  solution  of 
chrome  alum,  since  all  the  light  which  the  chrome  alum  permits  to 
pass  is  absorbed  by  the  macula  lutea,  except  the  red  rays.  Hering, 
indeed,  asserts  that  the  fovea  is  the  most  sensitive  part  of  the  retina 
for  colours,  in  opposition  to  Charpentier,  who  finds  it  slightly  less 
sensitive  for  blue  thaix  the  zone  immediately  external  to  it  (Kig.  265). 
When  the  eye  is  fixed 
and  the  visual  field — 
that  is,  the  whole  space 
from  which  light  can 
reach  the  retina  in  the 
given  position — or,  what 
comes  to  the  same 
thing,  the  projection  of 
the  visual  field  on  the 
retina  by  straight  lines 
passing  through  Ihe 
nodal  point,  explored  by 
means  of  a  perimeter 
(Fig.  266),  it  is  found 
that,  under  ordinary 
conditions,  a  white  ob- 
ject is  seen  over  a  wider 
field  than  any  coloured 
object,  a  blue  object 
orer  a  wider  field  tlian 
a  red,  and  a  red  over  a 
wider  field  than  a  green 
object.  The  exact 
shape,  as  well  as  size, 
of  the  visual  field  also 
differs  somewhat  for 
diflTcrent  colours.  And  although  it  has  been  shown  by  Aubcrt  and 
others  that  monochromatic  light  of  sufficient  intensity  can  be  perceived 
over  the  whole  retina,  yet  it  may  be  said  that  the  retinal  rim  is  even 
then  relatively  and,  under  ordinary  conditions,  absolutely  colour-blind. 

I  This  brings  us  to  the  subject  of  colour-blindness  proper, 
a  phenomenon  of  the  greatest  interest  in  its  theoretical  as 
well  as  in  its  practical  bearings. 

Colour  -  blindseu.  —  A  considerable  number  of  persons 
(about  4  per  cent,  of  all  males,  but  only  one-tenth  of  this 
proportion  of  females)  are  deficient  in  the  power  of  distin- 
guishing between  certain  colours.  They  are  said  to  be 
colour-blind ;  but  the  term  must  not  be  taken  to  signify  that 
they  are  absolutely  devoid  of  colour-sensations.  A  very 
small  minority  of  the  colour-blind  apytax  Vo  V'a.N^\i>\V  "ci^nr. 
sensation  of  colour ;   a  few  contase  gxeea  '*«\\}a  Wv^^%  "^^^ 


Fig.  a66.— l^RiESTLEv  Smith'^  Pehiueter  (Jung, 

K,  rest  for  chin  :  O,  poiiiion  of  eye :  Ob.  object, 
while  or  coloured,  which  iUdes  on  llie  gniduated  arc 
D ;  r,  poiat  fixed  by  the  eye. 
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and  brown  silk  with  green  of  different  shades;  blue  both 
with  pink  and  with  violet ;  lilac  with  gray. 

When  the  condition  of  vision  in  the  great  majority  of  the  colour- 
blind is  tested  by  means  of  the  spectrum,  it  is  found  that  ihey  fall 
into  two  classes  ;  (i)  A  class  (of  green-blind)  by  whom  the  whole  of 
the  spectrum  from  red  to  yellow  is  described  as  yellow  of  difierent 
degrees  of  brightness  (intensity) ;  the  green  appears  xs  a  pale 
yellow  with  a  grey  or  white  band  in  its  midst  ;  while  the  violet  end 
IS  seen  as  different  shades  of  blue.  (2)  A  class  (of  red-blind) 
whose  whole  spectrum,  from  red  to  green,  is  seen  as  green  of  different 
intensities,  the  extreme  red  being  entirely  invisible.  The  violet  end 
is  blue,  as  in  (i).  and  there  is  a  band  of  white  or  grey  near  the 
blue  end  of  the  green. 

The  brightest  part  of  the  spectrum  to  a  normal  eye,  and  also  to  a 
green-blind  eye,  is  the  yellow  :  to  a  red  blind  person  it  is  the  green. 

This  may  perhaps  explain  the  terms  which  the  colour-blind 
employ  in  describing  their  less  refrangible  spectral  colours.  'To 
the  green-blind  red  and  yellow  are  the  same  colour,  but  the  yellow 
being  the  brighter,  he  looks  on  red  as  degraded  or  darkened  yellow. 
On  the  other  hand,  to  the  red-blind  green  is  brighter  than  yellow  or 
orange,  and  these  appear  as  degraded  green.'* 

Sir  John  Herschell  explained  Dalton*s  peculiarity  of 
vision  on  the  hypothesis  that  he  only  possessed  two,  instead 
of  three,  primary  sensations. 

On  the  Young-Helinholtz  theory,  the  missing  sensation  is 
supposed  to  be  either  red  or  green.  At  the  intersection  of 
the  curves  that  represent  the  violet  and  green  sensations 
(Figs.  263,  264),  the  red-blind  individual  will  see  what  he 
describes  as  white;  viz.,  the  sensation  produced  by  the 
stimulation  of  the  only  two  fibre- groups  he  possesses. 
Similarly,  at  the  intersection  of  the  red  and  violet  curves, 
the  green-blind  person  will  sec  what  is  white  to  him. 

On  Hering's  theory  the  colour-blind  possess  the  blue- 
yellow,  but  lack  the  green-red,  visual  substance.  So  that 
on  this  theory  there  should  be  no  difference  between  red- 
blindness  and  green-blindness.  It  is,  however,  equally 
difficult  to  reconcile  some  of  the  phenomena  of  colour- 
blindness produced  by  disease  (atrophy  of  the  optic  nerve) 
or  by  abuse  of  tobacco  with  the  Young-HelmhoUz  theory, 
for  in  some  of  these  cases  the  only  colour  seen  in  the  spec- 
trum is  blue,  the  rest  is  white ;  and  the  lVve.CiX^  ^(^.^t^  tv^v 

K^p,  Roy.  See  Com.  on  Co\o\xt-W\^4Tv«&. 


<"  grren  IlgntS  gf 
identical  (Pole)  uncl< 
when  the  condition 
snow-storm,  that  l 
becomes  invaluable. 

Irradiation  was  firet  i 
the  appearance  known  i 
where  the  crescent  of  ^ 
[he  unilluminated  portic 
black  ground  in  Fig.  2 


Pic.  368. 
sjpn  circles  which  encn 
Physically  these  represei 
image  proper,  and  thep 
real  size  as  a  brighter  a 
this  15  not  the  case,  ani 
brightness  for  a  certain  < 
two  things:  (I )  That  the 
ences  of  brightness,  and  f- 


THE  SENSES. 


747 


beyond  the  edge,  thf  effect  when  the  light  is  very  weak  is  a  negative 
irradiation.  Under  these  conditions,  a  white  disc  on  a  black  ground 
seems  smaller  than  a  black  disc  on  a  white  ground  (Volkmann). 

The  Movements  of  the  Eyes. — That  the  eyes  may  be  efficient 
instruments  of  vision,  it  is  necessary  that  they  should  have 
the  power  of  moving  independently  of  the  head.  An  eye 
which  could  not  move,  though  certainly  better  than  an  eye 
which  could  not  see,  would  yet  be  as  imperfect  after  its 
kind  as  a  ship  which  could  run  before  the  wnd,  but  could 
not  tack.  The  mere  fact  that  the  angle  between  the  visual 
axes  must  be  adapted  to  the  distance  of  the  object  looked  at 
renders  this  obvious  ;  and  the  beauty  of  the  intrinsic 
mechanism  of  the  eyeball  has  its  fitting  complement  in  the 
precision,  delicacy,  and  range  of  movement  conferred  upon 
it  by  its  extrinsic  muscles. 

Not  only  are  movements  of  convergence  and  divergence 
of  the  eyeballs  necessary  in  accommodating  for  objects  at 
different  distances,  but  without  compensatory  movements 
of  the  eyes  it  would  be  impossible  to  avoid  diplopia  with 
every  movement  of  the  head ;  for  the  images  of  an  object 
fixed  in  one  position  of  the  head  would  not  continue  to  fall 
on  corresponding  points  of  the  retinae  in  another  position. 

All  the  complicated  movements  of  the  eyeball  may  be 
looked  upon  as  rotations  round  axes  passing  through  a  single 
point,  which  to  a  near  approximation  always  remains  fixed, 
and  is  situated  about  177  mm.  behind  the  centre  of  the  eye. 

*  The  position  which  the  eyeballs  take  up  when  the  gaze  is  directed 
to  the  horizon,  or  to  any  distant  point  at  the  level  of  the  eyes,  is 
called  the  primary  position.  Here  the  visual  axes  are  parallel,  and 
the  plane  passing  through  them  horizontal.  While  the  head  remains 
fixed  in  this  position,  the  eyeballs  can  rotate  up  or  down  around  a 
horizontal  axis,  or  from  side  to  side  around  a  vertical  xxis ;  or  upwards 
and  inwards,  downwards  and  outwards,  downwards  and  inwards,  and 
upwards  and  outwards  around  oblique  axes,  which  always  lie  in  the 
same  plane  as  the  vertical  and  horizontal  axes  of  rotation,  /.<;.,  in  the 
vertical  plane  passing  through  the  fixed  centre  of  rotation.  These 
facts,  spoken  of  collectively  as  Listing's  law.  and  first  deduced  by 
him  from  theoretical  considerations,  were  afterwards  proved  experi- 
mentally by  Hclmholtz  and  Uonders.  It  necessarily  follows  from 
Listing's  law  (and  this  is,  indeed,  another  way  of  stating  it)  that 
in  moving  from  the  primary  position  invo  ai\'j   ovVtT,  >^^t  \s  wa 

•  The  passage  in  small  print  may  be  om\Utd\3Y  ^^  V"^"^^^  rtvi&K5<x. 
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knowledge  of  the  manner  in  which  any  given  movement  is 
brought  about,  and  the  exact  action  of  the  muscles  which 
take  part  in  it,  is  by  no  means  as  copious  and  precise.  And 
from  the  nature  of  the  case,  the  greater  part  of  what  we  do 
know  has  been  inferred  from  the  anatomical  relations  of  the 
muscles  as  revealed  by  dissection  in  the  dead  body  rather 
than  gained  from  actual  observation  of  the  living  eye.  A 
plane,  called  the  plane  of  traction,  is  supposed  to  pass  through 
the  middle  points  of  the  origin  and  insertion  of  the  muscle 
whose  action  is  to  be  investigated,  and  through  the  centre 
of  rotation  of  the  eyeball.     A  straight  line  drawn  at  right 


Fig.  369.— HomxoKTAL  Section  of  Lkft  Eve. 

Arrows  show  dinrciion  of  pall  of  the  muscles.  The  axis  of  rolnlion  of  the  exteroAt 
and  iniernal.rccu  would  pau  the  [nlcnecUon  of  "  and  fi  at  right  angles  to  Lhe  plane  ot 
ibepttper. 

angles  to  this  plane  through  the  centre  of  rotation  is  evidently 
the  axis  round  which  the  muscle  when  it  contracts  will  cause 
the  eye  to  rotate,  provided  that  the  fibres  of  the  muF.cle  are 
symmetrically  distributed  on  each  side  of  the  pJane  of 
traction.  The  axes  of  rotation  of  the  antagonistic  pairs 
almost,  but  not  completely,  coincide  with  each  other.  The 
common  axis  of  the  external  and  internal  recti  practically 
coincides  with  the  vertical  axis  of  the  eyeball  (Fig.  269)  in  the 
primary  position.  The  eye  is  turned  towards  the  temple 
when  the  external  rectus  alone  contracts,  towards  the  nose 
when  the  internal  rectus  alone  contracts.  T\\e  ^"stcwro^ 
ajc/so/r/)e  superior  and  inferior  recti,  p,\\es\ti  v\vt\xc>\\icA\\3^. 
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cutaneous  nerves  and  of  giving  rise  to  a  sensation  of  intermittent 
pressure  or  ihrill.  This  is  readily  perceived  when  the  finger  is 
immersed  in  a  vessel  of  water  into  wliich  dips  a  lube  connected 
with  a  source  of  sound,  or  when  a  vibrating  bell  or  tuning-fork  is 
touched.  So  far  as  we  know,  what  lakes  place  in  the  car  is  essen- 
tially similar — that  is  to  say,  a  mechanical  stimulation  of  the  ends  of 
the  auditory  nerve,  but  a  stimulation  which  acts  through,  and  is 
graduated  and  controlled  by,  a  special  intermediate  mechanism. 

As  the  visual  apparatus  consists  of  a  sensitive  surface,  the 
retina,  which  contains  the  end-organs  of  the  optic  nerve  and 
of  dioptric  arrangements  which  receive  and  focus  the  rays  of 
light,  the  auditory  apparatus  consists  of  the  sensitive  end- 
organs  of  the  eighth  nerve  and  of  a  mechanism  which 
receives  the  sound-waves  and  communicates  them  to  these. 
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Frc.  aTo.— The  Ear. 


Physiological  Anatomy  of  the  Ear.— At  the  bottom  of  the  external 
auditory  meatus  lies  the  mL-mbrana  tympani,  a  nearly  circular  mem- 
brane set  like  a  drum-skin  in  a  ring  of  bone,  and  separaimg  the 
meatus  from  the  tvmpanum  or  middle  ear.    Its  external  surface  looks 
obliquely  downwards,  and  at  the  same  time  somewhat  forwards,  so 
that  if  prolonged  the  membranes  of  the  two  ears  would  cut  each 
other  in  front  of.  and  also  below,  the  horizontal  line  passing  through 
the  centre  of  each  (Kigs.  270,  Z71). 
-  The  tympanum  contains  a  chain  of  tittle  bones  stretchmg  right 
across  it  from  outer  to  inner  wall.    Of  these  the  malleus,  or  hammer, 
is  the  most   external.      Its  manubrium,  or  handle,  is  inserted  mto 
the  niembrana  tympani,  which  is  not  stretched  ta\ii  ^\vW\\5.\^'c.ni 
ring,  but  bulees  mwards  at  the  cenlre,  whex^  VV«  Vi;iw\\«.  o\  nXa 
msJieus  is  attached.     The  stapes,  or  sUtt^v^  "^^  ^'^^^  to^\  \o\.*itvva\  ^^ 
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from  the  cavity  of  the  middle  ear  hy  the  structures  that  fill  up 
the  round  and  oval  foramina.  In  the  membranous  labyrinth, 
and  in  it  alone,  arc  contained  the  end  organs  of  the  auditory 
nerv&  The  membranous  portion  of  the  cochlea  is  a  small 
canal   of  triangular   section,   cut   off   from   the  scala   vescibuli    by 
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Fit,,  a;*.— MiuDLt  anu  Internal  Ear  (Diagbammaiic). 


rnie  membrane  of  Reissner,  which  stretches  from  near  the  edge 
of  the  bony  spiral  lamina  to  the  outer  wall  (Kig.  272).  It  has 
received  the  name  of  the  scala  media,  or  canal  of  the  cochlea.  Below 
it  ends  blindly,  but  communicates  by  a  side-channel  with  the  jwrtion 
of  the  membranous  vestibule  called  the  saccule,  which  in  its  turn 
communicates  with  the  utricle  by  •^  Y-shaped  sac,  the  saccus  cndo- 
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979.— TKANSVFJtsc  Section  of  a  Iurk  Of  the  Cociiuca  (DiACKAMUATir). 

[yrophaiicus.     Into  the  utricle  open  the  three  semicircular  canals, 
the  endol.N-mph  of  which  has,  therefore,   free  communication  with 
that  of  the  vestibule  and  cochlea.      But  although  the  semicircular 
canals  and  vestibule  belong  anatomically  to  the  \t\^.tma\.  tax,  wA  -wt 
supplied  by  branches  of  the  auditory  i\ctN^  vt  \naN«.  wa  y^'^'^'*^ 
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into  the  oval  foramen.  When  the  tympanic  membrane 
passes  outwards,  the  handle  of  the  malleus  and  foot  of  the 
stapes  do  the  same.  But  the  joint  now  unlocks,  and  exces- 
sive outward  movement  of  the  stapes,  which  might  result  in 
its  being  torn  from  its  orbicular  attachment,  is  prevented. 
The  ossicles  vibrate  en  masse.  It  is  only  to  a  trifling 
extent  that  sound  can  be  conducted  through  them  to  the 
labyrinth  as  a  molecular  vibration ;  for  when  they  are 
anchylosed,  and  the  foot  of  the  stapes  fixed  immovably  in 
the  foramen  ovale,  as  sometimes  occurs  in  disease,  hearing 
is  greatly  impaired. 

Of  course,  every  vibration  of  the  tympanic  membrane 
must  cause  a  corresponding  condensation  and  rarefaction  of 
the  air  in  the  middle  ear;  and  this  may  act  on  the  mem- 
brane closing  the  fenestra  rotunda,  and  set  up  oscillations  in 
the  perilymph  of  the  scala  tympani.  That  this  is  a  possible 
method  of  conduction  of  sound  is  shown  by  the  fact  that, 
even  after  closure  of  the  oval  foramen,  a  slight  power  of 
hearing  may  remain.  But  under  ordinary  conditions  by  far 
the  most  important  part  of  the  conduction  takes  place  via 
the  ossicles.  And  when  it  is  remembered  that  the  tympanic 
membrane  is  about  thirty  times  larger  than  that  which  fills 
the  oval  foramen,  it  will  be  seen  that  the  force  acting  on  unit 
area  of  the  foot  of  the  stapes  may  be  much  greater  than  that 
acting  on  unit  area  of  the  membrana  tympani,  and  that  the 
mode  of  transmission  by  the  ossicles  is  a  very  advantageous 
method  of  transforming  the  feeble  but  comparatively  large 
excursion  of  the  tympanic  membrane  into  the  smaller  but 
more  powerful  movements  of  the  stapes.  Even  the  so-called 
cranial  conduction  of  sound  which  takes  place  when  a  tuning- 
fork  is  held  between  the  teeth  or  put  in  contact  with  the 
head,  and  which  was  at  one  time  supposed  to  be  due  to 
direct  transmission  of  the  vibrations  through  the  bones  of  the 
skull  to  the  liquids  of  the  labyrinth  or  the  end-organs  of  the 
auditory  nerve*  has  been  shown  to  take  place,  in  great  part 
at  least,  through  the  membrana  tympani  and  ossicles ;  the 
vibrations  travel  through  the  bones  to  the  tympanic  mem- 
brane, and  set  it  oscillating.  So  thai  l\v\s  Ve.?»V  cw^  Tici Vscv^-t 
be  regarded  as  sufficient  to  dist\ngu'is\v  Ae'sAxves?.  ^•a^.'Sfc^  ^^ 
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Paralysis  of  the  fifth  nerve  may  be  accompanied  with  difficulty  of 
hearing,  especially  for  faint  sounds.  When  the  seventh  nerve  is 
paralyzed,  increased  sensitiveness  to  loud  sounds  has  been  observed. 

The  Perception  of  Fitch  —  Analysis  of  Complei  Sounds. — 
As  the  eye,  or,  rather,  the  retina  />/hs  the  brain,  can  perceive 
colour,  so  the  labyrinth  plu%  the  brain  can  perceive  pitch. 
The  colour-sensation  produced  by  ethereal  waves  of  definite 
frequency  depends  on  that  frequency ;  and  upon  the  fre- 
quency of  the  aerial  vibrations  depends  also  the  pitch  of  a 
musical  note.  But  there  is  this  difference  between  the  eye 
and  the  ear :  that  while  the  sensation  produced  by  a  mixture 
of  rays  of  light  of  different  wave-length  is  always  a  simple 
sensation — that  is,  a  sensation  which  we  do  not  perceive  to 
be  built  up  of  a  number  of  sensations,  which,  in  other  words> 
we  do  not  analy/e— the  ear  can  perceive  at  the  same  time, 
and  distinguish  from  each  other,  the  components  of  a  com- 
plex sound.  When  a  number  of  notes  of  different  pitch  are 
sounded  together  at  the  same  distance  from  the  ear,  the 
disturbance  which  reaches  the  membrana  tympani  is  the 
physical  resultant  of  all  the  disturbances  produced  by  the 
individual  notes,  and  it  strikes  upon  the  membrane  as  a 
siugle  wave.  The  ear  or  brain  must,  therefore,  possess  the 
power  of  resolving  the  complex  vibrations  into  their  con- 
stituents, else  we  should  have  a  mixed  or  blended  sensation, 
and  not  a  sensation  in  which  it  is  possible  to  distinguish  the 
constituents  of  which  it  is  made  up.  Two  chief  hypotheses 
have  been  proposed  to  explain  this  physiological  analysis  of 
sound:  (i)  the  theory  that  the  analysis  takes  place  in  the 
labyrinth  ;  (2)  the  theory  that  it  takes  place  in  the  brain. 

(i)  Helmholtz  attempted  to  explain  the  perception  of 
pitch  on  the  assumption  that  in  the  internal  ear  there  exists 
a  series  of  resonators,  each  of  which  is  fitted  to  respond  by 
sympathetic  vibration  to  a  particular  note,  while  the  others 
are  unaffected  ;  just  as  when  a  note  is  sung  before  an  open 
piano  it  is  taken  up  by  the  string  which  is  attuned  to  the 
same  pitch  and  ignored  by  the  rest.  Let  us  suppose  that  a 
given  fibre  of  the  auditory  nerve  ends  in  an  organ  which  is 
only  set  vibrating  by  waves  impinging  ou  \V  ^\.  N^t  ^-ax-t  <A 
too  a  second,  and  that  the  end-ot^au  ol  a.xiQ\Xw«  %C*qx%.  v^ 
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endowed  with  such  a  function,  the  theory  of  peripheral 
analysis  of  pitch  tends  upon  the  whole  rather  to  break  down 
than  to  be  strengthened  as  evidence  gathers. 

When  two  notes  of  different  frequency  are  sounded  together,  they 
'interfere'  with  each  other.  If  two  tuning-forks  A  and  B,  making 
100  and  loi  vibrations  a  second  resT>ecttvely,  be  started  togctlicr. 
at  the  end  of  the  first  vibration  of  A,  B  will  be  yQu^th  of  a  vibration 
ahead,  at  the  end  of  the  second  ^jpihs  of  a  vibration,  at  the  end  of  the 
fiftieth  half  a  vibration.  Here  the  crest  of  B's  wave  will  coincide 
with  the  trough  of  As,  and  if  the  forks  arc  vibrating  wiih  the  same 
aroplilude  the  resultant  for  this  vibration  will  be  zero,  the  wave  will 
be  blotted  out.  If  the  amplitudes  are  not  the  same,  the  wave  will 
still  be  weakened.  At  the  end  of  the  hundredth  vibration  of  A,  li 
will  have  gained  a  whole  vibration,  the  tops  of  the  two  waves  will 
coincide,  and  the  sound  will  be  strengthened.  We  recognise  the 
alternate  changes  in  the  amplitude  of  the  interfering  sound  waves  by 
a  change  in  the  auditory  sensation,  which  i:^ called  a  btnt ;  and  in  the 
case  supposed  there  will  be  one  beat  a  second.  If  the  difference  in 
the  frequency  of  the  forks  is  five  there  will  be  five  beats  a  second.  If 
the  difference  is  twenty  there  will  be  twenty  beats  a  second.  As  the 
difference  is  increased  the  beats  will  uliiraately  follow  each  other 
so  rapidly  that  they  will  themselves  be  fused  into  a  note — a  beat-tone, 
as  it  IS  called,  whose  pitch  will  correspond  to  the  frequency  of  the 
beats.  Now,  Hermann  has  found  that  the  ear  may  perceive  a  beat 
tone  which  elicits  no  response  from  a  resonator  attuned  to  its  note  and 
readily  set  into  vibration  by  the  same  note  when  sounded  by  a  tuning- 
fork.  This  shows  that  the  process  by  which  pitch  is  appic-ciated, 
whatever  it  may  be,  is  not  entirely  explicable  on  the  theory  of 
resonance. 

(2)  The  second  theory,  in  accordance  with  the  simile  used 
by  Rutherford,  to  whom  we  owe  it  in  its  present  form,  may 
be  conveniently  labelled  the  *  telephone  theory.'  He  sup- 
poses that  the  organ  of  Corti  (or,  at  any  rate,  the  hair-cells) 
is  set  into  vibration  as  a  whole  by  all  audible  sounds,  and 
that  its  vibrations  are  translated  into  impulses  in  the  auditory 
nerve,  which  are  the  physiological  counterpart  of  the  aerial 
waves  and  the  waves  of  increased  and  diminished  pressure 
in  the  liquids  of  the  labyrinth  to  which  they  give  rise. 
Thus,  a  sound  of  100  vibrations  a  second  would  start  too 
impulses  a  second  in  the  auditory  nerve ;  a  loud  sound 
would  set  up  impulses  more  intense  than  a  feeble  sound  : 
and  a  complex  wave,  which  is  the  resultant  of  several  sounds 
of  different  vibration -frequency,  >wouVA  a.\^o  \w  wiv\t  v;^>j  *a^ 
other  stamp    the    impress     o{    \ls    JoT»n    o\\    >\\«.   -avk^'^ori 
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the  smell  of  substances  dissolved  in  normal  saline  solution  is 
distinctly  perceived  when  the  nostrils  are  filled  with  the 
liquid  ;  and  fish,  as  every  line-fisherman  knows,  have  no 
difficulty  in  finding  a  bait  in  the  dark. 

Beaunis  has  classified  ihe  substances  which  can  affect  the  olfactory 

I       mucous  membrane  as  follows  ; 

L  I.     Those  which  act  only  on  the  olfactory  nerves  : 

^^k  a.   Pure  scents  or  perfumes,  without  pungency. 

^^B  d.  Odours  with  a  certain  pungency,  c.^.,  menthol. 

^^m  2.     Substances  which  act  at  the  same  time  on  olfactory  nerves 

^H  and  on  nerves  of  common  sensation  (tactile  ner^'es)) 

^H  e.^.j  acetic  acid. 

^^  3.     Substances    which   act   only  on   the  nerves   of   common 

f  sensation  (tactile  nerves),  r.c-,  carbonic  acid. 

'  Electrical  excitation  of  the  olfactory  mucous  membrane  causes  a 

sensation  like  the  smell  of  phosphorus.  The  sensation  is  experienced 
at  the  kathode  on  closure  and  the  anode  on  opening. 

:  Tatt«. — The  sense  of  taste  is  not  so  strictly  localized  as  the 

I  sense  of  smell.  The  tip  and  sides  of  the  tongue,  its  root, 
the  neighbouring  portions  of  the  soft  palate,  and  a  strip  in 
the  centre  of  the  dorsum,  are  certainly  endowed  with  the 
sense  of  taste  ;  but  the  exact  limits  of  the  sensitive  areas 
have  not  been  defined,  and,  indeed,  seem  to  vary  in  different 
individuals. 

I  The  nerves  of  taste  arc  the  glosso-pharyngcal,  which  innervates 

the  posterior  i>art  of  the  tongue  ;  and  the  lingual,  which  supplies  its 
tip.  The  end-organs  of  the  gustatory  nerves  are  the  taste-buds  or 
taste-bulbs,  which  stud  the  fungiform  and  circumvallate  papillie,  and 
are  most  characteristically  seen  in  the  moats  surrounding  the  latter. 
They  are  barrel-like  bodies,  the  staves  of  the  barrel  being  repre- 
sented by  supporting  cells;  each  bud  encloses  a  number  of  gustatory 
cells  with  fine  processes  at  their  free  ends  projecting  through  the 
superficial  end  of  the  barrel.  Their  deep  ends  also  terminate  ip 
processes  which  become  continuous  with  the  fibres  of  the  gustatory 
lerves. 


r 


As  to  the  properties  in  virtue  of  which  sapid  substances 
are  enabled  to  stimulate  the  gustatory  nerve  endings,  we 
know  that  they  must  be  soluble  in  the  liquids  of  the  mouth, 
and  there  our  knowledge  ends.  An  attempt  has  been  made 
by  various  authors  to  connect  the  taste  of  such  bodies 
wiih  their  chemical  composition,  bul  tese^tc\\cs  oV  >^\'aV\^^ 
have  not  hitherto yiddcd  much  iTu\t.    Sa.v\^  5,vi\i^Vaxv«:-<=-'^'^«»a."*'c. 
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organs,  or  by  the  stimulation  of  afferent  nerve-fibres  in 
their  course  ;  and  it  may  originate,  under  certain  conditions, 
in  internal  organs  which  are  devoid  of  tactile  sensibility, 
and  the  functional  activity  of  which  in  their  normal  state 
gives  rise  to  no  special  sensation  at  all.  The  peculiar  sen- 
sation associated  with  voluntary  muscular  effort,  to  which 
the  name  of  the  muscular  sense  has  been  given»  also 
deserves  a  separate  place;  for  although  it  may  in  part 
depend  on  tactile  sensations  set  up  through  the  medium  of 
end-organs  situated  in  muscle,  tendon,  or  the  structures 
which  enter  into  the  formation  of  the  joints,  other  elements 
are,  in  all  probability,  involved. 

The  simplest  form  of  tactile  sensation  is  that  of  mere  contact,  as 
when  the  skin  is  lightly  touched  with  the  blunt  end  of  a  pencil. 
This  soon  deepens  into  the  sensation  of  pressure  if  the  contact  is 
made  closer;  and  eventually  the  sense  of  pressure  merges  into  a 
feehng  of  pain.  It  is  not  easy  to  say  whether  these  t'arious  sensa- 
tions are  due  to  the  stimulation  of  different  nervous  elements,  or  to 
different  grades  of  stimulation  of  the  same  elements.  But  there  is 
some  pathological  evidence  in  favour  of  the  former  view,  e.g.,  it  is 
said  that  the  sensation  of  conuict  is  abolished  in  cicatrices  where 
the  true  skin  has  been  destroyed,  although  sensibility  to  pressure 
persists.  J'hc  existence  of  different  forms  of  sensor)-  end-organs  in 
the  skin  and  other  tissues  (touch-corpuscles»  corpuscles  of  Pacini, 
end-bulbs  of  Krausc,  etc.)  is  also,  so  far  as  it  goes,  in  favour  of  the 
same  view.  The  minimum  pressure  necessary  to  evoke  a  sensation 
of  contact  is  not  the  same  for  every  portion  of  the  skin.  The  fore- 
bead  and  ]}ahn  of  the  hand  are  most  sensitive. 

If  two  points  of  the  skin  are  touched  at  the  same  time  there  is  a 
double  sensation  when  ihe  distance  between  the  points  exceeds 
a  certain  minimum,  which  varies  for  different  parts  of  the  sensitive 
surface. 
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found  that  the  whole  skin  is  not  endowed  with  the  capacity 
of  distinguishing  temperature.  The  temperature  sense  is 
confined  to  minute  areas  scattered  over  the  cutaneous 
surface,  some  of  which  are  'cold*  points,  ».*.,  respond  to 
variations  of  temperature  only  by  a  sensation  of  cold,  while 
others  are  *  warm  '  points  and  respond  only  by  a  sensation 
of  heat.  *  Cold  '  points  are  present  in  greater  number  than 
*  warm.'  It  has  even  been  stated  that  electrical  or  mechani- 
cal or  thermal  stimulation  of  a  nerve-trunk  like  the  radial 
in  its  course,  may  give  rise  to  sensations  of  temperature. 
But  there  is  strong  evidence  on  the  other  side,  and  even  if 
this  were  shown  to  be  the  case,  it  might  be  due  merely  to 
excitation  of  nerves  of  the  temperature  sense  supplying  the 
sheath  (nervi  nervorum).  When  a  nerve  is  compressed,  the 
sensibility  of  the  tract  supplied  by  it  disappears  for  cold 
sooner  than  for  heat. 

The  simplest  explanation  of  these  facts  seems  to  be  that  the  skin 
is  sup[>licd  with  several  kinds  of  nerve-fibres,  anatomically  as  well  as 
functionally  distinct.  Some  fibres  minister  to  the  sensation  of  cold, 
others  to  that  of  heat,  others  to  that  of  pressure,  others,  jjerhaps,  to 
that  of  contact,  and,  possibly,  others  still  to  common  sensation. 
And  just  as  stimulation  of  the  optic  nerve  gives  rise  to  a  sensation  of 
light,  so  stimulation  of  any  one  of  the  cutaneous  nerves  gives  rise  to 
the  specific  sensation  proper  to  the  group  to  which  it  belongs.  But 
with  the  eyes  closed  a  thermal  may  sometimes  be  mistaken  for  a 
tactile  stimulus. 

It  is  not  only  of  physiolc^cal  interest,  but  of  practical  importance, 
that  most  mucous  membranes  are  in  comparison  with  the  skin  but 
slightly  sensitive  to  changes  of  temperature ;  some,  as  the  mucous 
membrane  of  the  greater  portion  of  the  alimentary  canal,  seem  to  be 
entirely  devoid  of  nerves  of  temperature.  Only  towards  its  ends  in 
the  mouth,  pharynx  and  rectum,  and  to  some  extent  in  the  stomach 
does  a  biunted  sensibility  appear.  The  uteiais,  too,  is  quite  insensible 
to  heat ;  and  hot  liquids  may  be  injected  into  its  cavity  at  a  temperature 
higher  than  that  which  can  be  borne  by  the  hand,  without  causing 
inconvenience — a  fact  which  finds  its  application  in  the  practice 
of  gyna:cology  and  obstetrics.  It  is,  indeed,  obvious  that  in  the 
greater  number  of  the  internal  organs  the  conditions  necessary  for 
stimulation  of  temperature  nerves,  even  if  such  were  present,  could 
hardly  ever  exist. 

It  has  already  been  mentioned  that  changes  of  external  temperature 
exert  a  remarkable  influence  on  the  intensity  of  metabolism  (p.  437), 
and  it  has  been  supposed  that  this  is  brought  about  by  afferent 
impulses  travelling  up  the  cutaneous  nerves.  >Ve  have  also  seen 
that  for  certain  kinds  of  stimuli  the  cxcilabUit.'j  q(  t^xN^-^Vi^^s^  "-a 
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But  after  deducting  these,  we  must  assume  that  a  verj'  lai^e  proportion 
of  the  afierent  nerves  of  muscle  have  other  functions,  and  among  them 
may  be  the  conveyance  of  impulses  connected  wiih  the  muscular 
sense. 

In  the  spinal  cord,  these  impulses  are  probably  conducted  up 
through  the  posterior  column ;  and,  although  nothing  is  known  as  to 
the  paths  they  follow  in  the  higher  parts  of  the  central  nervous 
system,  it  is  certain  that  there  is  some  afferent  bond  of  connection 
between  the  cortical  motor  areas  and  the  muscles  which  they  control 
(p.  667). 

Tactile  sensations  set  up  in  the  skin  or  mucous  membrane  lying 
over  contracting  muscles  may  also  help  the  nervous  motor  mechanism 
in  appreciating  and  regulating  the  amount  of  contraction ;  but  the 
fact  that,  in  anaesthesia  of  the  mucous  membrane  covering  the  vocal 
cords  produced  by  cocaine,  the  voice  is  not  at  all  impaired,  shows 
that  muscular  contractions  of  extreme  nicety  can  be  carried  on  without 
any  such  aid. 


P&in. 

Pain  has  been  defined  as  'the  prayer  of  a  nerve  for  pure  blood/ 
The  idea  is  not  only  true  as  poetry,  but,  with  certain  deductions  and 
limitations,  true  as  physiology.  Thai  is  to  say,  pain,  as  a  rule,  is  a 
sign  that  something  has  gone  wrong  with  the  bodily  machinery ; 
freedom  from  pain  is  the  normal  state  of  the  healthy  body.  Physio- 
log^ically,  pain  acts  as  a  danger-signal ;  it  i>oints  out  the  seat  of  the 
mischief,  and  even,  in  certain  cases,  by  compelling  rest  favours  the 
process  of  repair.  Thus,  the  surgeon  has  sometimes  looked  upon 
pain  as  '  Nature's  splint."  But  as  a  mailer  of  fact,  a  certain  amount 
of  pain  occurring  at  intervals  is  not  incompatible  with  high  health  : 
and  probably  nobody,  even  when  accidents  and  indiscretions  of  all 
kinds  are  avoided,  is  entirely  free  from  pain  for  any  considerable 
time.  Sometimes,  indeed,  the  mere  fixing  of  the  attention  on  a 
particular  part  of  the  body  is  sufficient  to  bring  out  or  to  delect  a 
slight  sensation  of  pain  in  it;  and  it  is  matter  of  common  experience 
that  a  dull  continuous  pain,  like  that  of  some  forms  of  toothache,  is 
aggravated  by  thinkmg  of  it,  and  relieved  when  the  attention  is 
diverted. 

In  general,  the  skin  is  far  more  sensitive  to  pain  than  the  deeper 
structures.  The  most  painful  part  of  an  operation  is  generally  the 
stitching  of  the  wound.  The  cutting  of  healthy  muscle  causes  no 
pain.  The  spasmodic  contraction  of  the  intestines  and  stomach  causes 
the  intense  pain  of  colic  and  gastralgia.  Labour  is  an  example  of  a 
strictly  physiological  function  which  is  the  occasion  of  severe  pain. 
Tissues  normally  insensible  to  pain  may  become  acutely  painful 
when  inflamed. 

It  is  not  quite  settled  as  yet  whether  the  aff^wsw  ^t«&  -wW^^ 
minister  to  painful   sensations  arc  anatOTtvvcaVVj   i\sVvc\^V  Sx^swv  '^«. 
fibit^s  of  tactile  sensation,  and  of  the  ovhev  stuaaxVoTva  "w.O^i.^'s^  >a.'^^*.t 
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The  image  becomes  blurred,  the  candle  must  be  put  farther  away 
to  render  it  distinct,  and  perhaps  no  position  of  the  candle  can  be 
found  which  will  give  a  sharp  image,  If  the  glass  is  convex,  the 
candle  must  be  brought  nearer,  and  a  sharp  image  can  always  be 
formed  by  bringing  it  near  enough.  If  both  a  convex  and  a  concave 
glass  be  placed  in  front  of  the  eye,  they  will  partially  or  wholly 
neutralize  each  other. 

2.  Helmlioltz'a  Phakoscope  (Fig.  273).— This  instrument  is  era- 
ployed  in  studying  the  changes  that  take  place  in  the  cur%'ature  of 
the  lens  during  accommodation.  It  is  to  be  used  in  a  dark  room. 
A  candle  is  placed  in  front  of  the  two  prisms  P,  P'.  Tlie  observer 
looks  through  the  hole  B ;  the  observed  eye  is  placed  opposite  the 
hole  A.  The  candle  or  the  observed  eye  is  moved  till  the  observer 
sees  three  pairs  of  images, 
one  pair,  the  brightest  of 
all,  reflected  from  the  an- 
terior surface  of  the  cornea ; 
another,  the  largest  of  the 
three,  but  dim,  reflected 
from  the  anterior  surface 
of  the  lens;  and  a  third 
pair,  the  smallest  of  all,  re- 
flected from  the  posterior 
surface  of  the  lens  (Fig. 
236).  The  last  two  pairs 
can,  of  course,  only  be  seen 
within  the  pupil.  'I'hc  observed  eye  is  now  focussed  first  for  a 
distant  object  (it  is  enough  that  the  person  should  simply  leave 
his  eye  at  rest,  or  imagine  he  is  looking  far  away),  and  then  for 
a  near  object  (an  ivory  pin  at  A).  Dunng  accommodation  for  a 
near  object  no  change  takes  place  in  the  size,  brightness,  or 
position  of  the  first  or  third  pair  of  images ;  therefore  the  cornea 
and  the  posterior  surface  of  the  lens  are  not  altered.  The 
middle  images  become  smaller,  somewhat  brighter,  approach  each 
other,  and  also  come  nearer  to  the  corneal  images.  This  proves 
{a)  that  the  anterior  surface  of  the  lens  undergoes  a  change  ;  (^)  that 
the  change  is  increase  of  curvature  (diminution  of  the  radius  of  cur- 
vature), for  the  virtual  image  reflected  from  a  convex  mirror  is  smaller 
the  smaller  is  its  radius  of  curvature.  (The  third  pair  of  images  really 
undergo  a  slight  change,  such  as  would  be  caused  by  a  small  increase 
in  the  curvature  of  the  posterior  surface  of  the  lens;  but  the  student 
need  not  attempt  to  make  this  out.) 

3.  Scheiner's  Experiment. — Two  small  holes  are  pricked  with  a 
needle  in  a  card,  the  distance  between  them  being  less  than  the 
diameter  of  the  pupil.  The  card  is  nailed  on  a  wooden  holder,  and 
a  needle  stuck  into  a  piece  of  wood  is  looked  at  with  one  eye  through 
the  holes.  When  the  eye  is  accommodated  for  the  needle,  it  appears 
single;  when  it  is  accommodated  for  a  more  distant  object,  or  not 
accommodated  at  all,  the  needle  appears  double.  The  two  images 
approach  each  other  when  the  needle  is  moved  a'Kvj  ^iq-kw  i^x^  «?^^ 


Fig.  273.— J*HAKoscorE. 
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must  be  much  weaker  than  the  lens  which  has  been  removed,  for  if 
the  latter  be  placed  in  Tront  of  the  eye,  the  image  is  fonned  a  little 
behind  the  cumea. 

(c)  Replace  the  lens.  Move  the  retina  so  far  back  that  the  image 
is  focussed  in  front  of  it.  This  is  the  condition  in  the  myopic  eye. 
Put  a  weak  concave  lens  in  front  of  the  eye;  the  image  now  falls 
more  nearly  on  the  retina.  Move  the  retina  forward,  so  that  the 
focus  is  behind  it.  This  corresponds  to  the  hypermetropic  eye.  Put 
a  weak  convex  lens  in  front  of  the  eye  to  correct  the  defect. 

(d)  Observe  that  a  plate  with  a  hole  in  it,  placed  in  front  of  the  eye, 
renders  an  indistinctly  focussed  image  somewhat  sharper  by  cutting 
off  the  more  divergent  peripheral  rays. 

(f)  Fill  with  water  the  chamber  in  front  of  the  curved  glass  thai 
represents  the  cornea.  The  focus  is  now  behind  the  back  of  the  eye 
altogether.  Refraction  by  the  cornea  is  here  abolished,  as  is  the 
case  in  vision  under  water.     An  additional  lens  inside  the  eye,  or  a 


Flo.    ^75-— MaI'  uK    BLINU  MuT  (KEltUCEP    liv  ). 

Right  eye.     Distance  of  eye  (rora  paper,  ta  inctics. 

weaker  one  in  front  of  it,  cOrrecLs  the  defecL     Fishes  have  a  much 
more  nearly  spherical  lens  than  land  animals,  and  a  flat  cornea. 

(/)  Fill  the  hollow  cylindrical  lens  with  water,  and  place  it  in 
front  of  the  artiBcial  eye.  It  is  now  astigmatic.  A  point  of  light  is 
focussed  on  the  retina,  not  as  a  point,  but  as  a  line.  The  vertical 
and  horizontal  limbs  of  a  cross  cut  out  of  a  piece  of  cardboard  and 
placed  in  the  path  of  the  beam  of  light,  cannot  be  both  focussed  at 
the  same  time. 

5.  Mapping  the  Blind-spot. — Make  a  black  cross  on  a  piece  of 
white  paper  attached  to  the  wall,  the  centre  of  the  cross  being  at  the 
height  of  the  eye  in  the  erect  position.  Stand  about  12  inches  from 
the  wall,  the  chin  supported  on  a  projecting  piece  of  wood.  Fix  the 
centre  of  the  cross  with  one  eye,  and  move  over  the  paper,  but  not  in 
contact  with  it,  an  inked  quill,  until  it  just  disappears.  Make  a  mark 
on  the  paper  at  this  point.and  repeat  the  observation  for  all  diameters  oC 
the  field.  'ITie  blind-spot  is  thus  marVed  omI  V^\^.  ^Ti^-  Vs^vifc-KcA 
distance  from  the  fovea  centralis  can  V>e  ca.\c\i\a.Vftd  l\Q\ft  ^«-  Vo^^wj^** 
on  p.  606. 
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one  of  the  steel  discs  of  the  colour-mixing  api>aratus  shown  in 
Fig.  276,  so  that  a  part  of  each  is  seen.  On  anoUier  arrange  a  violet 
and  a  yellow  disc,  and  on  the  third  an  orange  and  a  blue  disc  By 
adjustment  of  the  proportions  of  the  two  colours  a  uniform  gray  can 
be  obtained  from  each  of  these  combinations  (complementary 
colours)  when  the  discs  are  rapidly  rotated. 

{b)  Mix  two  colours  that  are  not  complementary*  t-g.^  blue  and 
red ;  gray  or  white  cannot  be  obtained  by  any  adjustment  of  pro- 
portions ;  the  result  is  always  a  mixed  colour,  the  precise  hue 
depending  on  the  amount  of  each  ingredient. 

(^)  Take  papers  of  any  three  colours  from  widely-separated  parts  of 
the  spectrum,  e.g. ,  blue,  green  and  red,  and  arrange  them  on  one  of  the 
rotating  discs.  By  varying  the  proportions  white  can  be  produced, 
and  any  other  coloured  paper  fastened  on  another  of  the  rotating 
discs  can  be  matched  by  adding  white  to  the  three  colours. 

8.  Talbot's  Iaw. — Rotate  a  disc  one  sector  of  which  is  black  and 
the  rest  white,  or  a  disc  like  that  in  Fig.  261.  A  uniform  shade  is 
produced  as  soon  as  a  speed  of  about  25  revolutions  a  second  has 
been  attained,  and  this  is  not  altered  by  further  increase  in  the  speed 

9.  Purkixije's  Figures. — {a)  Concentrate  a  beam  of  sunlight  by  a 
lens  on  the  sclerotic  at  a  point  as  far  as  possible  from  the  corned 
margin,  passingthe  ray  through  a  parallel-sided  glass  trough  611ed  with 
a  solution  of  alum  to  sift  out  the  long  heat-rays.  The  eye  is  turned 
towards  a  dark  ground.  The  field  of  vision  takes  on  a  bronzed 
appearance,  and  the  retinal  bloodvessels  stand  out  on  it  as  a  dark 
network,  which  appears  to  move  in  the  same  direction  as  the  spot  of 
light  on  the  sclerotic.  A  portion  of  the  field  corresponding  to  the 
yellow  spot  is  devoid  of  shadows  (p.  725). 

(*)  Direct  the  eyes  to  a  dark  ground  while  a  flame  held  at  the  side 
of  the  eye,  and  at  a  disunce  from  the  visual  line,  is  moved  slightly 
to  and  fra  A  picture  of  branching  bloodvessels  appears.  This 
eirperiment  is  performed  in  a  dark  room  (p.  725) 

{c)  Immediately  on  awaking  look  at  a  white  ceiling  for  an  instant ; 
a  pattern  of  branched  bloodvessels  is  seen.  If  the  eye  be  at  once 
closed,  and  then  opened  with  a  blinking  movement,  this  may  be 
observed  again  and  again.     Ultimately  the  appearance  fades  away. 

10.  Study  by  means  of  the  monochord,  a  stretched  string  with  a 
movable  stop,  the  relation  between  the  pitch  of  the  note  given  out 
by  a  vibrating  string,  and  its  length  and  tension. 

It.  Cause  two  tuning-forks  of  nearly  equal  pitch  to  vibrate  at 
the  same  time.  Make  out  the  beats,  and  count  their  number  per 
second. 

\2.  Measure  on  different  parts  of  the  skin  and  accessible  mucous 
membranes  the  distances  at  which  the  points  of  a  pair  of  compasses 
must  be  held  apart  in  order  that  two  distinct  sensations  may  be 
experienced  (p.  763). 


CHAPTER    XIV. 

BEFBOBUCTIOH. 

Regeneration  of  Tissues. — Since  cells  are  constantly  dying 
the  hotly,  ihcy  must  be  constantly  reproduced  In  some  tissues  th 
process  by  which  this  is  accomplished  is  more  evident,  and  ihcreft 
belter  known,  than  in  others.  The  most  highly-organized  tissues  ai 
with  diflkuliy  repaired,  or  not  at  all.  The  epidermis  is  alwa[ 
wearing  away  at  its  surface,  and  is  being  constantly  replaced  by  tfc 
rnultiphcation  of  the  cells  of  the  stratum  Malpighii.  In  the  come 
layer  we  have  only  dead  cells ;  in  the  Malpighian  layer  we  have  c< 
histological  gradation  from  squares  to  columns,  and  every  physi 
logical  gradation  from  cells  which  are  alwut  to  die  to  cells  that  htf 
just  been  born.  The  corpuscles  of  the  blood  undoubtedly  arise 
fust,  and  are  recruited  throughout  life,  by  the  proliferation  of  mo(h< 
cells.  The  gravid  uterus  grows  by  the  fonnation  of  new  fibres  frol 
the  old,  and  by  the  enlargement  of  both  old  and  new.  A  severe 
muscle  is  generally  united  only  by  connective  or  scar  tissue,  bl 
under  favourable  conditions  a  complete  muscular  '  splice  *  may 
formed.  A  broken  bone  is  regenerated  by  the  proliferation  of 
of  the  periosteum,  which  become  bone-corpuscles.  \N'e  do  not  km 
whether  there  is  any  new  formation  of  nerve-cells  in  the  ad 
organism,  but  nerve-fibres  which  have  been  destroyed  by  accident 
operation  are  readily  regenerated  by  the  growth  of  new  proc< 
from  the  cells  that  originally  produced  them ;  and  some  of  the  ei 
or;:ans  of  efferent  nerves  may  share  in  this  regeneration. 

In  lower  forms  of  animals,  and  in  all  or  most  vegetables,  the  pom 
of  regeneration  is  much  greater  than  in  man.     The  suriish  can  i 
only  repair  the  loss  of  an  arm,  but  from  a  severed  arm  a  comfrf 
animal  can  be  developed.     A  newt  can  reproduce  an  amputated 
and  every  tissue — skin,  muscle,  nerves,  bone — will  be  in  its  place. 

Thus,  in  a  sense,  reproduction  is  constantly  going  on  within  11 
bodies  even  of  the  higher  animals.  But  since  the  whole  organi 
eventually  dies,  as  well  as  its  constituent  cells,  a  reproduction  of  tt 
whole,  a  regeneration  en  massf^  is  required. 

A   cell  of   l\\ft  sX.T^\uTv\  >\A-»^v^\\  eixv  tw^,  vkVu.  %».  -^fe  Itnoi 
reproduce  a  s'lmiUt  eeW,  ax\^  Vcwa  \^  ONMaRaKr«sc«.  ^  ^^S^'isaa. 
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undergone  a  certain  amount  of  diflferentiation,  especially  in  the 
higher  animals.  The  fertilized  ovum,  on  the  other  hand,  has  the 
power  of  reproducing  not  only  ova  like  itself,  but  the  counterparts  of 
every  cell  in  the  body.  And  this  is  only  the  highest  development  of 
a  power  which  is  in  a  smaller  degree  inherent  in  other  cells  in  lower 
forms.  Plants  and  the  lowest  animals  are  far  less  dependent  upon 
reproduction  by  means  of  special  cells.  A  piece  of  a  Hydra  separated 
off  artificially  or  by  simple  fission  becomes  a  complete  Hydra,  as 
was  shown  by  Trembley  a  century  and  a  half  ago.  A  cutting  from  a 
branch,  a  root,  a  tuber,  or  even  a  leaf  of  a  plant,  may  reproduce  the 
whole  plant.  It  is  as  if  each  cell  in  these  lowly  forms  carried  within 
it  the  plan  of  the  complete  organism,  from  which  it  built  up  the 
perfect  plant  or  animal.  But  the  special  bias  or  trend  of  growrth 
characteristic  of  each  form  is  not  a  rigid  rule.  It  can  be  modified  ; 
it  is  modified  in  every  garden  and  pond  by  influences  coming  from 
without.  The  inborn  rule  of  life  for  many  plants  is  to  grow  straight 
up  ;  but  this  rule  is  often  traversed  by  circumstances — by  differences 
in  the  amount  of  sunshine,  for  example,  caught  by  one  side  or  the 
other,  or  by  the  position  of  neighbouring  objects  which  hinder  or 
help  a  vertical  growth.  And  in  animals  Pfliiger  has  shown  that  the 
direction  of  the  lines  of  cleavage  of  the  ovum  of  a  frog  depends  on 
the  direction  in  which  gravity  acts,  although  Dricsch  and  Hcrtwig 
find  that  the  nucleus  can  even  be  made  artificially  to  change  its  place 
with  reference  to  the  yolk,  without  hindering  the  development  of  a 
normal  animal.  Artificial  mouths,  surrounded  by  tentacles,  can  be 
formed  in  Cerianihus^  an  animal  belonging  to  the  same  group  as  the 
sea  anemones,  merely  by  making  a  cut  in  the  body-wall  and  prevent- 
ing it  from  closing.  In  an  .Ascidian,  too  (the  Cynone  inl<sihtaiis\ 
artificial  openings  in  the  branchial  sac,  surrounded  by  numerous  pig- 
mented points  similar  to  the  eye-spots  around  the  natural  mouth  and 
anus,  have  been  produced  (Loeb).  Even  in  Amphioxus,  the  lowest 
of  the  vertebrates,  the  eggs  have  been  broken  up  by  shaking,  and  a 
complete  animal  evolved  from  as  little  as  one-eighth  of  an  ovum. 
If  the  separation  was  incomplete  a  kind  of  Siamese  twins  or  even 
triplets  could  be  obtained  (Wilson  and  Mathews). 

In  all  the  higher  animals  reproduction  is  sexual,  and  the  sexes  are 
separate. 

In  regard  to  the  secretions  of  the  reproductive  glands,  all  that 
is  necessary  to  be  said  here  is  that,  unlike  other  secretions,  their 
essential  constituents  are  living  cells.  The  spermatozoa  in  the 
male  have,  indeed,  diverged  far  from  the  primitive  type.  Certain 
fsf>ermalogcnous)  cells  in  the  tubules  of  the  testicle  divide  so  as  to 
form  spermatoblasts.  Each  spermatoblast  becomes  a  spermatozoon, 
the  head  of  the  latter  representing  the  nucleus  of  the  former;  and  it 
is  this  nucleus  which  is  the  essential  contribution  of  the  male  to  the 
reproductive  process.  The  tail  of  the  spermatozoon  is  simply,  from 
[he  physiological  point  of  view,  a  motile  arrangement,  whose  function 
it  is  to  carry  the  nucleus  of  the  spermatoblast,  frei?,Ut.cd'«\,vKi*\>^^ 
the  father  can  transmit  to  the  offspring,  \n\o  vVvt  w 
the  femnlc  reproductive  element  or  ovum. 
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The  ovum  also  b^ns  as  a  typical  cell  with  nucleus  (germinal 
vesicle)  and  nucleolus  (germinal  spot),  and  it  forms,  l^  its  repeated 
subdivisioHi  all  the  cells  of  the  fcetal  body.  But,  except  in  sooie 
{parthenogtnttie)  forms,  it  never  awakens  to  this  reproductive  activity 
tilt  fecundation  has  occurred  ;  and  fecundation  essentially  consists  in 
the  union  of  the  male  with  the  female  element,  or  rather  in  the  union 
of  the  male  and  female  nucleus. 

From  time  to  time  a  Graafian  follicle,  over-distended  by  its  liquor 
folliculi,  bursts  on  the  surface  of  the  ovary  and  discharges  an  ovuia 
The  frayed  end  of  the  Fallopian  tube,  rising  up  finger-like  from  the 
dilatation  of  its  bloodvessels,  grasps  the  ovum,  and  it  is  passed  slowly 
along  the  tube  by  the  downward-lashing  cilia  which  line  iL  If  not 
impregnated,  it  soon  perishes  amid  the  secretions  of  the  tubes  and 
uterus — how  soon  has  been  matter  of  discussion,  and  can  hardly  be 
considered  as  settled.  If,  however,  impregnation  occurs^  the  ovum 
becomes  fixed  in  one  of  the  crypts  or  pouches  of  the  uterine  mucous 
membrane  {deddua  itrotina),  which  grows  round  it  as  the  ^ddma 
rejiexeu 

Menstruation. — In  the  mature  female,  from  puberty,  the  age  ftt 
which  the  reproductive  power  begins  (thirteenth  to  fifteenth  year), 
on  till  the  time  of  the  mtnopausc  (fortieth  to  fiftieth  year),  at  which  it 
ceases,  an  o\'um — or  it  may  be  in  some  cases  more  than  one — is  dis- 
charged at  regular  intervals  of  about  four  weeks.  This  discharge  t> 
accompanied  by  certain  constitutional  symptoms  and  local  signs  that 
last  for  a  variable  number  of  days.  The  genital  organs  are  congested, 
and  a  quantity  ot  blood,  which  varies  in  different  individuals,  but  is 
usually  from  too  to  200  grammes — that  is  to  say,  ^^^th  to  ^^h  of  the 
whole  of  the  blood  in  the  body,  is  shed.  At  the  same  time,  the 
whole  or  a  portion  of  the  mucous  membrane  of  the  uterus  is  cast  off. 

As  to  the  physiological  meaning  of  this  menstruation^  as  it  is  called, 
opinion  is  divided.  Two  chief  theories  have  been  proposed  to 
account  for  it,  both  of  which  agree  in  considering  the  phenomenon  to 
be  connected  with  a  preparation  of  the  uterus  for  the  reception  of  the 
ovum.  But  according  to  the  theory  of  Pfliiger  the  mucous  membnne 
is  stripped  oflf  (by  a  process  analogous  to  the  '  freshening  '  or  paring 
of  the  indurated  edges  of  a  wound  by  the  surgeon,  in  order  thtt 
union  may  occur  when  they  are  brought  together)  on  Ike  ihancc^  so  Ar 
speak,  that  an  impregnated  ovum  may  arrive.  On  the  alternative 
theory,  this  change  takes  place  because  the  ovum  has  not  been 
impregnated,  and  the  bed  prepared  for  it  is  therefore  not  required 
(Reichert,  Williams,  etc.). 

Development  of  the  Ovum. — Before  fecundation,  and  apparently 
as  a  preparation  for  it,  the  ovum  is  the  seat  of  remarkable  changes; 
which  have  been  most  fully  studied  in  iheeggs  of  certain  invertebrate 
animals.  A  spindle-shaped  structure  appears  stretching  between  the 
nucleus  and  the  surface  of  the  ovum  ;  at  its  outer  end  a  small  round 
body,  the  first  polar  body,  rises  up  from  the  surface  of  the  egg  as  if  it 
were  being  squeezed  out  of  it,  and  is  finally  extruded.  In  most  cases 
the  process  \s  xe^>ea\ei  *,  ^  r^tNi  %^\xv^t  Vscros.  *.tA.  ^  mm-c-sx-A.  ^lar 
body  or  direclwe  cor^iuacXt  x-a  ^^sxcmx.    K^voSi*.  ■TOsaxv-.xut.^v 
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changes  there  has  been  much  discussion.  Ic  seems  to  be  agreed 
that  the  spindle  is  formed  in  part,  at  any  rate,  from  the  nucleus  or 
germinal  vesicle,  and  that  the  result  of  the  process  is  the  expulsion 
of  a  portion  of  the  chromatin  skein  (p.  li),  which  is  restored  by 
the  male  pronucleus  when  it  arrives  and  penetrates  the  ovum. 

Not  till  all  these  events  have  taken  place — extrusion  of  the  two 
polar  bodies,  or  maturation^  penetration  of  the  spermatozoon  and 
blending  of  its  head  (the  male  pronucleus)  with  the  remnant  of  the 
nucleus  of  the  ovum  (female  pronucleus),  ox  fecundation — not  till  then 
does  the  o\*um  begin  to  divide.  The  germinal  spot,  or  nucleus,  splits 
iiilo  two,  and  the  yollc  being  also  cleft  by  a  corresponding  furrow,  two 
complete  nucleated  cells  make  their  appearance.  These  divide  in 
turn,  till  at  length  (in  the  mammal)  the  embryo  is  represented  by  a 
hollow  sphere  or  vesicle,  with  a  cellular  crust.  During  division  the 
upper  or  outer  cells  have  always  been  larger  than  the  inner  and 
lower,  and  have  multiplied  more  rapidly;  and  thus  it  comes  about 
that  the  hollow  sphere  of  large  cells  encloses  a  mass  of  smaller  cells, 
along  with  remnants  of  broken-down  yolk  and  of  fluid  derived  by 
absorption  from  the  contents  of  the  uterus.  The  smaller  cells  con- 
tinue to  multiply  and  arrange  themselves  as  a  lining  to  the  sphere 
already  formed,  so  that  in  a  short  time  it  becomes  double,  and  we 
have  already  differentiated  two  of  the  primary  embryonic  layers,  the 
epid/ast,  or  suijerficial,  and  the  hypoblast,  or  deep  layer.  The  whole 
sphere  is  called  the  Nastoiiermy  or  the  blastodermic  vesicle. 

While  this  inner  shell  of  hypoblastic  cells  is  gradually  creeping  on 
to  completion,  there  appears  at  a  part  where  it  is  already  fully  formed 
a  small  opaque  whitish  disc,  the  germinal  area  or  tmbryonal  shield. 
This  represents  the  stocks  on  which  the  framework  of  the  embryo  is 
to  be  laid  down.  The  area  elongates  ;  at  its  posterior  end  appears  a 
thickened  line,  the  primitive  streak,  soon  furrowed  by  a  longitudinal 
groove,  the  primitive  groove^  that  marks  the  direction  in  which  the 
long  axis  of  the  future  embryo  will  lie,  but  is  not  itself  a  {^rmanent 
line  in  the  building,  and  ultimately  vanishes.  The  appearance  of 
the  primitive  streak  is  the  signal  that  a  rapid  proliferation  of  the 
cells  of  the  germinal  area,  and  especially  of  the  epiblast,  has  begun  ; 
and  this  goes  on  until  a  third  layer  is  formed  intermediate  in  position 
to  the  original  two,  and  therefore  named  the  mesoblast.  While  this 
is  pushing  its  way  over  the  germinal  area  and  into  the  rest  of  the 
blastodermic  vesicle,  the  epiblast  in  front  of  the  primitive  streak  rises 
up  in  two  lateral  ridges,  enclosing  between  them  the  medullary 
groove.  The  medullary  groove  is  the  beginning  of  the  cerebro-spina! 
axis ;  its  walls  first  come  to  overhang  the  furrow,  and  then  to 
coalesce ;  and  the  medullary  groove  has  now  become  the  neural 
canal.  Immediately  under  it  the  mesoblast  forms  a  rod  of  cells,  the 
notoehord,  which  is  the  forerunner  of  the  vertebral  column  ;  around 
this  the  bodies  of  the  vertebrie  are  afterwards  developed  from  cubical 
masses  of  mesoblastic  cells,  arranged  in  pairs  along  the  notochord, 
and  called  the  proiavertebra.  The  rest  of  the  mestt^V*&v  vixsxxxsv-^ 
out  on  each  side  from  the  prolovertebrse,  syiVvU  VftVo  v«q  ^a.■^'«^^  "»»■ 
m/^r  or  somatic  layer  J  which  unites  wVx.\i  v\\t  ev^tAaav,  wv^  ^  l*'"*"  °^ 
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splanchnic  layer^  which  unites  with  the  hypoblast.     Between  the  two 
layers  is  a  space  called  the  ccelom^or  pleuro-peritoneal  caviiy<Fig.  277). 

Up  to  the  present,  apart  from  the  enclosure  of  the  neural  canal, 
all  this  formative  activity  is  buried  beneath  the  surface  of  the  blas- 
toderm, and  has  not  showed  itself  by  any  external  token;  the 
embryo  still  appears  as  a  portion  of  the  germinal  area,  and  lies  in  its 
plane.  But  now  a  pocket,  or  crease,  or  moat,  beginning  at  the  bead 
as  tilt*  head-fold,  then  pushing  under  the  tail,  gradually  creeps  round 
and  undermines  the  whole  embr)'o,  which  is  raised  aboiv  tlie  general 
level,  and,  as  it  were,  scoojied  out  from  the  rest  of  the  blastoderm ; 
till  at  length  it  lies  on  the  latter,  something  like  an  upturned  canoe, 
enclosing  a  tube,  complete  in  front  and  behind,  but  still  open  in  the 
middle,  where  it  communicates  with  the  interior  of  the  yolk-Aesicic. 
Since  this  tube  has  been  formed  by  the  tucking  in  of  the  three 
ancestral  layers  of  the  blastoderm,  it  follows  that  it  is  lined  by  hypo- 
blast, supported  externally  by  the  splanchnic  sheet  of  mesoblasL 
So  that  now  the  body  consists  of  a  dorsal  tube  {the  neural  carul), 
essentially  of  epiblastic  origin,  a  ventral  tube  (the  alimentary  canal), 
essentially  of  hypoblaslic  origin,  and  between  the  two  a  massive 
double  layer  of  mesoblasiic  tissue,  which  contributes  supportiog 
elements  to  both.  At  this  point  It  may  be  well  to  emphasize  the 
fact  that  this  embryological  distinction  of  the  three  primitive  la>ex5 
has  a  deep  and  fundamental  meaning,  and  corresponds  to  a  phv-sio- 
logical  distinction  that  endures  throughout  life.  The  hypoblast,  the 
lowest  layer  in  position,  may  also  be  described  as  the  lowest  in  the 
physiological  hierarchy.  It  furnishes  the  epithelial  lining  of  the 
alimentary  canal  from  the  beginning  of  the  oesophagus  to  near  the 
end  of  the  rectum,  as  well  as  the  epithelium  of  the  organs  which 
arise  from  diverticula  of  the  primitive  intestine,  viz.,  the  digestive 
glands,  the  lungs,  and  the  passages  leading  to  them,  the  th>Toid,  and 
part  of  the  thymus  gland.  According  to  some  authonties,  the 
notochord  is  also  derived  from  the  hyjx^btast. 

Upon  the  whole,  it  may  be  said  that  the  tissues  of  hypoblastic 
origin  are  essentially  concerned  in  chemical  labours,  in  the  absorption 
of  food  material  and  excretion  of  waste  products.  The  inesoblastic 
tissues  are  essentially  concerned  in  mechanical  labour  ;  they  are  the 
tissues  of  movement  and  of  passive  support.  The  epiblastic  tissues 
are  at  the  top  of  the  pyramid  j  they  govern  the  rest 

From  the  mesoblast  arise  the  muscles,  the  entire  vascular  system 
with  its  blood  and  lymph  corpuscles,  the  bones  and  connectiw 
tissues ;  and  the  Wolffian  body  and  its  appendages,  which  are  the 
predecessors  of  the  genital  glands  and  ducts,  and  of  the  chief  portioo 
of  the  renal  apparatus. 

The  epiblast  forms  the  epidermis  and  its  appendages,  the  epithelial 
end-organs  of  the  nerves  of  special  sense,  and  the  nervous  system, 
cerebro-spinal  and  sympathetic,  although  it  has  been  recently 
asserted  that  the  latter  is  of  mesoblastic  origin.  The  mucous  lining 
of  the  anus  and  vtvovivVv  \s  »i«Mft\o\\ed  from  the  epiblast,  which  is 
indented  to  tueex.  t\\cm\cavvt\^ciTV!i\.^\\^'iwft\v:o«yeMs\a^^ 

at  either  end. 
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Ic  is  not  possible  here  to  trace  in  detail  the  development  of 
all  the  organs  of  the  embryo.  Its  nutrition  and  metabolism 
not  only  distinctly  belong  to  the  physiological  domain,  but,  carried 
on  as  they  are  under  conditions  that  sectn  so  strange,  and  even  so 
bizarre,  to  one  acquainted  only  with  adult  physiology,  arc  calculated 
to  throw  light  on  the  metabolic  processes  of  ihe  fully  devt;lopcd  body. 
And  they  cannot  be  understood  without  reference  to  the  peculiarities 
of  the  vascular  system  in  fuetal  life.  These  we  shall  accordingly 
describe,  but  for  further  details  as  to  the  anatomy  of  the  embryo  the 
student  is  referred  to  some  standard  anatomical  text-book,  such  as 
Quain's  *  Anatomy,* 

Pbysiolojiy  of  the  Embrjro. — In  the  first  period  of  its  develop- 
ment the  ovum,  nestling  in  the  pouch  formed  by  the  dccidua 
serotina  and  reflexa,  is  fed  simply  by  imbibilion  through  the 
hollow  finger-like  processes  or  villi  with  which  its  external  layer, 
the  zona  pellucida,  becomes  studded.  Soon  the  heart  appears  as 
a  tube  (at  first  double),  formed  by  cells  belonging  to  the  splanchnic 
layer  of  the  mesoblast  It  begins  to  pulsate  in  the  chick  as  early 
as  the  middle  of  the  second  day,  although  it  as  yet  contains 
neither  nerve-cells  nor  fully-formed  muscular  fibres.  In  the  mammal 
pulsation  is  late  in  making  its  appearance,  in  man  about  the 
beginning  of  the  third  week.  A  bloodvessel  grows  out  from  the 
anterior  end  of  the  heart  and  divides  into  two  primitive  aortic  arches, 
from  each  of  which  a  vessel  (omphalo-mesenleric  or  vitelline  artery) 
runs  out  in  the  mesoblast  covering  the  umbilical  vesicle  or  yolk-sac. 
'I"he  blood  is  returned  to  the  heart  by  the  vUdline  reins  coursing  in  on 
the  walls  of  the  vitelline  duct.  In  this  way  the  store  of  nutriment  in 
the  umbilical  vesicle  of  the  chick,  which  is  the  only  solid  or  liquid 
food  it  receives  or  needs  during  the  whole  period  of  development,  is 
tapped,  and  a  regular  channel  of  supply  established.  Oxygen  is  at 
the  same  time  absorbed  through  the  porous  shell ;  but  later  on  this 
respiratory  function  is  taken  over  by  the  second  or  allantoic  circula- 
tion. In  the  mammal  the  circulation  on  the  umbihcal  vesicle  is  of 
much  less  consequence,  for  the  quantity  of  material  leftover  after  the 
formation  of  the  blastoderm  is  exceedingly  small ;  it  is  only  with  a 
few  days'  provision  in  its  haversack  that  the  embryo  starts  out  on  its 
developmental  march.  And  the  viteUine  vessels,  derivmg  their  further 
supply  of  food  and  oxygen  from  the  tissues  of  the  mother  in  contact 
with  the  ovum,  cease  to  be  of  use  as  soon  as  the  second  and  more 
perfect  placental  circubtion  is  established,  and  soon  shrivel  up  and 
disappear,  as  the  umbilical  vesicle  shrinks. 

The  second  circulation  of  the  embryo  is  developed  in  connection 
with  a  remarkable  offshoot  from  the  hind-gut  called  the  allantoiSt 
which,  before  the  fifth  day  in  the  chick  and  during  the  second  week 
in  man,  pushes  its  way  out  between  the  somatic  and  splanchnic 
layers  of  the  mesoblast  i.e.,  in  the  pleuro- peritoneal  cavity,  and 
grows  through  the  umbilicus,  carrying  bloodvessels  along  with  it  in 
its  mesoblastic  layer.  Still  earlier,  and,  indeed,  while  the  embryo  is 
being  separated  off  from  and  raised  above  the  level  of  the  rest  of  the 
blastoderm  by  the  deepening  of  the  ditch  aroutvd  vt.Owi  ^NwNfeKt^caxlt^ 
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of  this  furrow,  ronned  of  epiblasi  and  somatic  mesobUst,  hare  hsca 
up  on  every  side  and,  growing  over  the  back  of  the  embryo,  have 
finally  coalesced  and  enclosed  it  in  a  double  walled  pouch  (Hg.  277). 
The  superficial  layer  of  this  pouch  is  called  \h^/a/se  amnion  ;  it  soon 
blends  with  the  tufted  chorion  or  common  outer  envelope  of  the 
ovum.  The  inner  layer  persists  as  the  true  amnioK  ;  a  liquid,  the 
amniotic  fluids  is  secreted  m  the  cavity  which  it  encloses ;  and  the 
embryo,  loosely  anchored  for  the  rest  of  its  intrauterine  life  by  the 
umbiUcal  cord  alone,  floats  freely  within  it.  The  amniotic  fluid  acts 
as  a  water  jacket  or  cushion,  10  break  the  force  of  the  ineritable 

shocks  and  jars 
transmitted  frotn 
the  mother  to  the 
f<etus  and  from 
the  foetus  10  the 
mother. 

The  allantois, 
^'rowing  out  at 
!he  umbilicus,  in 
the  manner  de- 
scribed, insioa- 
ates  itself  b^ 
tween  the  true 
.ind  false  amnion 
and  soon  blends 
with  the  latter. 
Kor  a  time  the 
secretion  of  the 
primitive  kidney^ 
continues  to  be 
A,  caviry  of  irue  ■mnlon ;  F.  P,  foldi  about  10  coalesce  and  rK)u,e(j  ^ntQ  ^he 
complete  the  amoiobc  curfry  ;  m,  mesobUslic  layer  ol  amoiOD  ;    *^  .  ^    i         n 

n.  alUntoU ;  [.  IntcsUnal  cavily  of  embryo  ;  Y,  yolk-sac ;  k,  cavity  Of  the  all 
hypoblasiic  liiyer  ;  e,  epibUslic  layer  of  embryo.  'I'he  embryo 
if  itie  shaded  portion  ia  the  middle  of  tbe  Figure.  E  is  placed 
over  the  heaJ  region.  No  attempt  is  made  to  delineate  it* 
actual  fonn.  The  mesoblast  is  represeoied  by  tbe  interrupted 
line. 
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antois,  so  that  ti 
serves  in  put  ts 
an  excretory  or- 
gan, while  in  the 
bird  it  also  performs  the  function  of  respiration  ;  and  in  the  mammal 
both  food  and  oxygen  arc  carried  by  its  vessels  to  the  foetus  daring 
the  greater  part  of  intrauterine  Hfe.  But  later  on  the  outgrowth 
atrophies  and  disappears,  all  except  its  origin  from  the  alimentary 
canal,  which  dilates  and  persists  as  the  urinary  bladder,  and  its 
bloodvesicls,  which  grow  in  the  form  of  tufts  or  loops  into  the 
chorionic  villi.  The  vessels  are  fed  by  two  umbiUcal  arteries  which 
arise  from  the  hypogastric  arteries  and  run  out  at  the  umbiUcus  on  the 
allantois.  The  blood  is  returned  by  an  umbilical  vein,  whose  further 
course  we  shall  have  soon  to  trace.  The  shrivelled  stalk  of  the 
allantois,  projecting  through  the  umbilicus,  becomes  with  its  blood- 
vessels the  umbftvcaX  coi^.  '^Vt  N^atNxVai  wiCts  of  the  chorion,  which 
at  first  covet  t\\e  v;\\o\*:  virta.ct  cA.  <svt  owxro.  w\^  vaK!>c  xisj  Vv^  isiA. 
oxygen   from    dcCvAvia  ^cioNXMl   wA.  x^Sweaa.  ^^«^  <»aa?3^ftsw.  -a^-^s* 
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r^on  of  ihe  reflexa,  hypertrophy  all  over  the  serolina— that  is, 
where  the  ovum  is  in  actual  contact  with  the  uterine  wall — and 
this  part  of  the  chorion  is  now  distinguished  as  the  chorion  frondosum. 

■  The  giant  villi  of  the  chorion  frondosum  push  their  way  into  the 
thickened  decidua  seroiina,  and  ultimatt;ty  penetrate  into  the  great 
capillaries  or  sinuses  of  the  uterine  mucous  membrane.  At  the  same 
time  the  tissue  of  the  villi  external  to  the  vessels  becomes  reduced 
to  a  mere  him,  so  that,  except  for  a  thin  covering  of  decidual  cells, 
the  foetAl  vessels  are  bathed  in  maternal  blood.  By  this  inter- 
weaving of  decidua  and  chorion  frondosum  is  formed  the  placenta^ 
which  for  the  rest  of  intra-ulerine  life  acts  as  the  great  respiratory, 
alimentar)-  and  excretory  organ  of  the  fcetus.  The  maternal  blood, 
as  it  streams  through  the  colossal  capillaries  of  the  decidua,  gives  up 
^1  to  tbe'fcetal  blood  oxygen  and  food  substances,  and  receives  from 
^  it  carbonic  acid  and  in  all  probability  urea.  It  is  true  that  the 
blood  in  the  uterine  sinuses  is  not  itself  fully  oxygenated  ;  it  is  not 
bright  red  arterial  blood  But  it  yet  contains  more  oxygen  than  the 
purest  blood  of  the  fcetus^  and  is,  therefore,  able  to  part  with  some  of 
the  surplus  to  the  dark  stream  of  oxygen  impoverished  blood  brought 
by  the  umbilical  arteries  to  the  placenta.  Thus,  it  has  been  found 
that  while  the  blood  of  the  umbilical  artery  of  the  fcctus  of  a  sheep 
had  47  volumes  per  cent,  of  COj,  and  only  23  of  oxygen,  that  of 
the  umbilical  veins  had  63  volumes  of  oxygen,  and  only  405 
of  COj  (Kuntz  and  Cohnstein),  This, although  far  from  the  level  of 
ordinary  arterial  blood,  is  yet  the  best  the  fcttus  ever  gets  ;  and  by  a 
scries  of  contrivances  it  is  assured  that  this  best  should  go  first  to  the 
most  important  parts,  the  liver,  the  heart  and  the  head,  while  the 
legs  and  most  of  the  abdominal  organs  have  to  put  up  with  an 
inferior  supply.  This  is  brought  about  mainly  by  the  existence  of 
three  short-cuts  for  the  blood,  which  disappear  in  the  adult  circula- 
tion, the  ductus  venosus,  the  ductus  arteriosus  and  the  foramen 
■  ovale  (Fig.  378). 
The  blood  of  the  umbilical  vein,  rich  in  oxygen  for  fuetal  blood, 
passes  pardy  through  the  circulation  of  the  liver,  but  a  part  takes  the 
route  of  the  ductus  venosus,  and  empties  itself  directly  into  the  inferior 
vena  cava.  The  latter  gathers  up  the  more  or  less  vitiated  blood  from 
the  inferior  extremities  and  the  renal  and  hepatic  veins,  and  pours 
its  mixed  but  still  fairly  oxygenated  contents  into  the  right  auricle. 
By  means  of  the  Eustachian  valve,  the  jet  coming  from  the  mouth  of 
the  inferior  vena  cava  is  directed  into  the  left  auricle  through  the 
foramen  ovale  in  the  inter- auricular  septum.  There  it  is  joined 
by  the  trickle  of  blood  which  is  creeping  through  the  unexpanded 
lungs.  The  left  ventricle  propels  its  contents  through  the  aorta, 
and  thus  a  large  part  of  this  comparatively  pure  or  second-best 
blood  is  sent  to  the  head  and  upper  extremities.  It  returns  in 
a  vitiated  state  by  the  superior  vena  cava  into  the  right  auricle,  and 
owing  to  the  position  of  the  Eustachian  valve  and  the  direction  of 
the  current,  it  flows  now  not  through  the  foramen  ovale,  but  vwtovfc*. 
right  ve/KricJe.  Thence  it  is  drivetx  t\\tou^V\  \.\\e  Y^Vcwaww^  ^w-ec^^  ' 
btit  only  a  small  quantity  of  it  finds  i\s  via'j  \.\wovi^  v^*i  Vi-Tx*^  \  "^^fc 
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main  stream  is  short-circuited  through  the  ductus  arteriosus,  and 
minales  with  the  contents  of  the  thoracic  aorta  below  the  origin  of 
the  cephalic  and  brachial  vessels. 

\Ve  may  now  give  soniethtng  more  of  precision  to  the  statements 
that  different  parts  of  the  body  receive  blood  of  differeot  quality; 
and  it  is  possible  roughly  to  divide  the  organs  in  this  re^iea  into 
four  categories:  (i)  The  liver,  which  partakes  both  of  the  best  and 
the  worst,  the  purified  blood  of  the  umbilical  veins  and  the  vitiated 
blood  of  the  intestines  and  spleen;  <a)  the  heart,  head,  and  upper 
limbs,  which  receive  the  blood  from  the  inferior  extremities  and 
The  arrow  is  in 
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Fig.  A7&— Diagram  of  tmk  Sccond  Circulation  ik  the  Forru*. 

The  arrowf  show  tbe  direction  of  the  blood-flow. 

kidneys,  mixed  with  the  pure  blood  of  the  venous  duct ;  (3)  the  legs, 
trunk,  intestines,  and  kidneys,  which  are  fed  chiefly  by  the  off- 
scourings of  the  cephalic  end,  mitigated,  however,  by  a  proportion 
of  mixed  blood  from  the  inferior  cava;  (4)  the  lungs,  which  receive 
only  a  feeble  stream  of  unmixed  venous  blood 

'I'hese  peculiarities  of  the  embryonic  circulation  are  in  obvious 
correspondence  with  the  physiological  events  taking  place  in  the 
fcetal  body.  The  liver  is  not  only  the  greatest  gland  in  the  crobrvi), 
as  it  conx\n\\es  \o  Vjc  m  vV^  ^\\v,\iM.v"\Vi  w:.\i«\\r^  se^uns  to  dwarf  that 
of  all  the  oi\\ti  %\at\<is  ^viv  \ot«>cvw,».VL^\^wv's\TV\\\ii^t:Rpx^^^ 
the  funcliona\jiotx«K  oV  vWXvk^^i-    ^^^«^  ^«^  '^^^^  -w^^wCs^  »a  ^««« 
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uterine  life  the  secretion  of  bilu  begins  and  the  intestines  gradually  611 
with  meconium^  of  which  the  principal  constituent  is  bile.  Accord- 
ingly the  liver  is  most  lavishly  supplied  with  blood*  while  the  lungs 
are  stinted.  And  since  the  liver  has,  as  we  have  already  learnt, 
other  and,  in  the  adult  at  least,  even  more  important  latxiurs  than 
excretion,  a  large  portion  of  the  blood  it  receives  is  of  the  best 
quality  :  it  enters  the  gland  comparatively  rich  in  oxygen,  and  passes 

tout  comparatively  poor  ;  while  the  lungs,  which  have  to  be  nourished 
only  for  their  own  sake,  and  are  of  no  use  whatever  till  the  child  is 
horn  and  respiration  has  b^un,  must  be  content  with  the  poorest 
fare — with  the  crumbs  that  fall  from  the  table  of  foetal  nutrition.  The 
full-fed  cephalic  end  of  the  embryo  grows  far  more  rapidly  than  the 
half-starved  inferior  extremities,  and  the  head  of  the  new-bom  child  is 
large  in  proportion  to  the  rest  of  the  body. 

There  arc  some  other  points  in  the  physiology  of  intra-uterine  life 
which  call  for  remark ;  and,  to  sum  up  in  a  few  words  the  grand 
distinction  between  foetal  and  adult  life,  we  may  say  that  growth  is 
the  keynote  of  the  former,  work  (functional  activity)  of  the  latter. 
Thus,  the  muscles  at  an  early  period  in  their  development  become 
the  seat  of  a  great  accumulation  of  glycogen,  an  accumulation  which 
would  entirely  unfit  them  for  the  labours  of  fully-formed  muscles, 
but  which  seems  to  be  intimately  connected  with  their  own  growth, 
and  perhaps  also  with  the  growth  of  other  tissues.  I-ater  on,  when 
the  muscles  have  been  formed,  their  powers  still  lie  dormant,  but  for 
the  infrequent  and  feeble  movements,  generally  regarded  as  refifx, 
but  possibly  to  some  extent  originated  in  the  cerebral  cortex,  which 
gives  the  mother  the  sensation  of  *  (]uickcning.'  But  the  store  of 
glycogen  now  becomes  reduced  to  its  permanent  amount,  and  the  liver 
takes  on  its  glycogenic  function.  It  can  hardly  be  doubted  that 
the  glycogen  found  in  the  placenta  (bitch)  is  also  deposited  there  in 
the  interest  of  the  rapidly  growing  foetal  tissues,  as  a  kind  of  current 
account  on  which  they  can  operate  at  any  moment  of  emergency, 
when  the  more  distant  maternal  reserves  cannot  be  drawn  upon 
in  time. 

The  excretory  glands  of  the  embryo,  except  the  liver,  scarcely 
awaken  to  activity  during  foetal  life.  Urine  may,  indeed,  be  some- 
times found  in  the  bladder  at  birth,  but  it  is  often  absent ;  and 
although  a  portion  of  the  amniotic  fluid,  which  contains  traces  of 
urea  and  salts  in  addition  to  small  quantities  of  albumin,  may  be 
secreted  by  the  renal  tubules,  and  find  its  way  through  the  still 
open  urachus  into  the  amniotic  sac,  this  contribution  cannot  imply 
more  than  a  very  slight  degree  of  glandular  action.  The  experi- 
ments of  KunLE,  indeed,  go  far  to  show  that  this  liquid  comes 
essentially  from  the  mother  rather  than  from  the  child.  He  found 
that  sulphindigotate  of  sodium  injected  into  the  bloodvessels  of  a 
pregnant  animal  (sheep)  coloured  the  amniotic  fluid  and  the 
placental  tissues,  but  not  the  foetus ;  while  after  injection  into  the 
latter  the  fretal  kidneys  contained  particles  of  the  pig,ment,  while  ^Kt 
amniotic  flu/'d  remained  uncoloured.  T\\e  st^aetoxw*  ^^^w^  Xvk**. 
certainly  h^gun  their  work  by  the  5ectcV\ot\  o^  vVt  Ne.rcv\x  c-asjtnfta^ 
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oily  material  which  covers  the  skin  and  serves  to  protect  it  from  the 
continual  irritation  of  the  fluid  in  which  the  embryo  floats. 

The  nenous  system  is  even  less  active  than  the  glandular  tis8ua»] 
and  not  more  active  than  the  muscles.     There  is  evidently  no  sco] 
for  the  exercise  of  the  special  senses.     Psychical  activity  of  en 
kind  must  be  at  the  lowest  ebb.     Consciousness,  if  it  exists  at  all^ 
must  be  dull  and  muffled.     And  if  motor  impulses  are  dischargi 
from  the  cortex,  the  psychical  accompaniments  of  such  discbarge 
doubtless  widely  different  from  those  which  we  associate  with  volu 
tary  effort. 

This  functional  calm,  broken  only  by  the  beat  of  the  heart, 
accompanied  by  a  very  feeble  metabolism.     The  amount  of  o 
carried  to  the  tissues  of  an  embryo  sheep  weighing  3-6  kilos,  by  the 
blood  of  the  umbilical  vein,  was  only  1 7  cc  per  minute ;  j  8  cc  of 
CO-j  per  minute  was  given  up  to  the  blood  of  the  mother  in  the 
placenta  (Kuntjr  and  Cohnsiein).     The  gaseous  exchange  was,  there- 
fore, not  one-tenth  as  much  as  in  the  adult  sheep.     In  fact,  the  heat- 
production  of  the  fretns,  sheltered  as  it  is  from  loss  except  by  the 
placental  circulation,  is  only  suthcient  to  raise  its  temperature  by  a 
small  fraction  of  a  degree  alx)ve  that  of  the  mother.     And  it  is  no( 
difficult  to  see  that  a  large  portion  of  this  production  must  be  due  lo 
the  action  of  the  heart.     This  beats  at  the  rate  of  about  140  times  a 
minute  at  full  term.*    The  blood-pressure  in  the  umbilical  artery  of 
the  mature  embryo  (sheep)  varies  from  60  to  80  mm.  Hg  ;  but  at  th 
beginning   of  the  aorta    it   will   be   more.      The  pressure   m    th 
pulmonary  trunk  must  be  about  equal  to  that  in  the  aorta,  since  th 
comparatively  short  and  easy  circuit  through  the  lungs  does  not  I 
yet  exist ;  and  in  accordance  with  this  equality  of  pressure  fof  wof 
to  l>e  done)  is  the  equality  of  thickness  (of  working  power)  in  tb 
walls  of  the  two  sides  of  the  heart. 

Suppose,  now,  that  the  embryo  contains  60  grammes  of  blood  fij 
every  kilo  of  body-weight,  and  that  the  whole  of  the  blood  pasa 
through  the  circulation  in  twenty  seconds.  Then  in  twenty-foi 
hours  3593  kilos  of  blood  will  be  forced  through  the  heart  for  eva 
kilo  body-weight  against  a  pressure  of,  say,  80  mm.  Hg,  or  i  met] 
of  blood.  This  is  equivalent,  in  round  numbers,  to  360  kilograil 
metres  of  work,  or  600  small  calories.  Now,  taking  the  total  heat- 
production  of  the  heart  at  four  times  the  equivalent  of  its  mechanical 
work,  we  get  2,400  calories  per  kilo  body-weight  in  twenty-four  ho 
(seep.495),  or  about  -jV  to  y'j- of  the  heat-production  of  a  resting  ad 

So  low  is  the  intensity  of  metabolism  in  the  embryo,  so  slight 

*  It  has  not  been  Anally  determined  whether  the  rate  of  the 
varies  with  the  sije,  or  what  probably  comes  to  the  same  thin>{,  witl 
sex  of  ilie  fcetus.     As  wc  have  seen,  the  variation  of  ihc  rate  in  the 
with  the  siie  of  the  body  is  associated  with  a  corresponding  vanaiton  i 
the  metabolism  and  heat-loss,  which  arc  proporlionally  greater  m  a  so 
than  in  a  larije  ammal.     If  this  is  a  causal  connection  we  should 
expect  thai  "«\  v'hc  cTO>arj'o\T\  \\\^to, siV-tTt 'C^t  «LO(i\A:\\\awi -a.",  v^^ards  he 
loss  are  enl\re\Y  d\RtTesv\^  i\ml^\  a.  Tti\-a.\\axv  ^^wJA  %iA%v-«x^k:cv-^ -nMb.^^ 
the  same  species. 
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Jemand  To^xygen,  that  not  only  is  even  the  purest  blood,  as  has 
already  been  stated,  far  from  saturated  with  that  gas,  but  the  relative 
proportion  of  harmoylobin,  the  oxygen-carrier,  is  less  than  in  the  adult ; 
and  although  constantly  increasing  in  amount  from  the  moment  of 
its  first  appearance,  it  is  still  somewhat  deficient,  even  at  full  tfrm, 
but  leaps  sharply  up  at  birth.  At  an  early  period  of  development 
the  embryo  also  contains  much  more  water  than  the  adult ;  the 
specific  gravity  of  its  tissues  increases  as  development  goes  on. 

The  remarkable  vitality  of  the  fcetus^  and  its  resistance  to  asphyxia, 
are  related  to  the  feebleness  of  its  metabolism  and  to  the  compara- 
tively slight  excitability  of  nervous  centres  like  the  respiratory,  vaso- 
motor, and  cardio-inhibitory.  Even  when  totally  deprived  of  oxygen, 
as  by  pressure  on  the  umbilical  cord  during  delivery,  the  child  does 
not  perish  in  the  two  or  three  minutes  which  decide  the  fate  of  the 
asphyxiated  adult ;  nor  are  the  convulsions,  rise  of  blood-pressure, 
and  slowing  of  the  heartbeat,  associated  with  asphyxia  in  the  latter, 
so  readily  induced,  nor  premature  and  fatal  efforts  at  respiration 
easily  excited  in  uUro,  But  although  in  such  a  case  the  embryo 
behaves  as  a  separate  organism,  governed  by  its  own  laws,  there  are 
circumstances  in  which  it  becomes  merely  a  part  of  the  mother  and 
participates  in  her  fate.  Thus,  the  stream  of  oxygen  which  normally 
passes  from  the  maternal  to  the  fcctal  blood  is  turned  back  if 
asphyxia  threatens  the  mother ;  the  blood  of  the  umbilical  arteries, 
instead  of  being  purified  in  the  placenta,  loses  the  little  oxygen  it 
holds  to  the  blood  of  the  uterine  sinuses,  and  the  sluggish  tissues  of 
ihe  embrj'o  are  impoverished  to  feed  the  more  active  metabolism  of 
the  maternal  organs.  In  the  same  way,  the  phenomena  of  stan'aiion 
have  taught  us  that  the  nutrition  of  the  organism  is  not  subject  to 
Ihc  rules  of  red  tape.  In  normal  circumstinccs  the  flow  of  nutriment 
follows  definite  lines:  the  blood  feeds  the  tissues  through  its  intcr- 
mediar>'.  the  lymph,  and  recoups  itself  from  the  contents  of  the 
alimentary  canal.  But  when  the  normal  sources  of  nutrient  material 
&il,  the  body  falls  back  upon  its  stores.  The  organs  immediately 
necessary  to  life  are  kept,  as  far  as  possible,  on  full  diet ;  organs  of 
secondary  importance  have  to  be  content  with  half-rations  ;  organs 
less  important  still  are  drawn  upon  for  supplies. 

Ac  birth,  great  changes  take  place  in  the  circulation,  and  these  are 
intimately  connected  with  the  commencement  of  the  respiratory 
activity  of  the  lungs.  The  causes  of  the  first  respiration  are  :  ( i )  the 
increasing  venosity  of  the  blood  circulating  in  the  bulb,  which 
stimulates  the  respiratory  centre  when  the  umbilical  cord  has  been 
cut  or  tied  and  the  placental  circulation  thus  interfered  with  :  (2)  the 
stimubtion  of  the  skin  by  the  air,  which,  as  we  have  seen,  acts 
reflexly  upon  the  respirator)-  centre.  That  both  of  these  factors  may 
be  involved  is  shown  by  the  fact  that  either  compression  of  the 
umbilical  cord  alone,  or  exposure  of  the  foetus  by  opening  the  uterus 
of  an  animal  without  interference  with  the  circulation,  has  been 
observed  to  be  followed  by  attempts  at  breathing.  Once  distended, 
the  lungs  never  a^'ain  completely  collapse — nox.  eNCtv  aS\w  ft>s.'5.^,'wcix 
irAen  the  chest  is  opened.     The  aspirat'wn  caused  \y^  >ix't  «^^cs'a^\'a^ 
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of  the  chest-walls  in  inspiration  (for  the  respiration  of  the  new-bom 
child  is  mainly  costal)  sucVs  blood  into  the  thorax,  and  expands  the 
vessels  of  the  lungs  for  its  reception  ;  and  in  the  measure  in  which 
the  blood  passing  through  the  pulmonary  trunk  finds  an  easy  way 
through  ihc  lungs,  the  quantity  which  lakes  the  route  of  the  ductus 
arteriosus  diminishes.  The  pulmonar)*  veins,  and  consequently  the 
left  auricle,  are  better  filled  ;  and  the  increasing  pressure  on  this 
side  of  the  septum  tends  to  oppose  the  passage  of  blood  through  the 
foramen  ovale,  to  approximate  its  valve,  and  to  close  its  orifice. 

By  the  second  or  third  day  the  ductus  arteriosus  has  usually 
become  obliterated.  The  umbilical  arteries  and  vein  and  the  ductus 
venosus  become  impervious  soon  after  the  interruption  of  the  placental 
circulation.  The  vein  and  venous  duct  remain  in  the  adult  as  the 
round  ligament  of  the  hver.  the  arteries  as  the  lateral  ligaments  of 
the  bladder. 

Although  from  birth  onwards  the  young  mammal  obtains  its 
oxygen  and  gets  rid  of  its  carbonic  acid  through  its  own  pulmonary 
surface  instead  of  through  the  placenta,  it  still  lives,  as  regards  its 
food  proper,  on  the  tissues  of  the  mother,  and  that  in  as  literal  a 
sense  as  when  it  drew  its  supplies  directly  from  the  maternal  blood. 
AfiJk,  indeed,  represents  in  large  part  the  fragments  of  cells  lining 
the  alveoli  of  the  mammary  glands,  which  have  undergone  a  fatty 
changL-  and  been  bodily  broken  down.  This  is  particularly  the  case 
with  the  first  milk  of  each  lactation,  the  whstrum  as  it  is  called, 
which  consists  of  little  else  than  the  debris  of  fattily  degenerated  cells- 
In  addition  to  the  fat,  which  when  milk  is  allowed  to  stand  rises  to 
the  top  as  cream,  milk  contains  a  considerable  quantity  of  a  proieid 
casein,  to  whose  coagulation  under  the  influence  of  the  lactic  acid 
produced  from  the  lactose,  or  milk-sugar,  by  certain  bacteria,  sixjn 
taneous  curdling  is  due.  Another  proteid,  lactalbumin  (Halli- 
burton), a  large  amount  of  water  and  some  inorganic  salts  axe  the 
most  important  of  its  remaining  constituents. 

Pregnancy  is  accompanied  with  vascular  dilatation  and  h>*pcr- 
trophy  of  the  mammary  glands,  but  the  mechanism  by  which  thcM 
changes  are  produced  is  unknown.  Precisely  similar  phenomena 
are  occasionally  seen  in  animals  which  have  not  been  impr^natcd, 
and  even  in  men.  Humboldt  relates  the  case  of  an  Indian  father, 
who  so  well  understood  the  responsibilities  of  paternity,  and  was  so 
capable  of  fulfilling  ihem,  that  he  suckled  his  child  for  five  months 
on  the  death  of  the  mother. 


APPENDIX. 
•MPARISON  OF  METRICAL  WITH  ENGLISH    MEA«UKKS. 


Pleasures  of  Length. 

I  millimetre  =  0-03937  inch. 
I  centimetre  =  0*3937 1     „ 
I  decimetre  =  3"937o8  inches. 
I  metre  =  39'37o79    1. 

Measures  of  Weight. 

X  gramme        =  is'432349  grains. 
I  kilogramme  =    2*2046213  pounds. 

Measures  of  Volume. 

T  cubic  centimetre  =  0*061027  cubic  inch. 

I  litre  (1000  cubic  centimetres)  =  61-027052  cubic  inches. 

=  i'76o773  pints. 

—  0*22009668  gallon. 

Measure  of  Work. 
I  kilogram  metre  =  about  7*24  foot  pounds. 
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510 

Corpora  quadrigemina,  640                             ^^^H 

and  food.  168 

fttrUttn,  641                                                 ^^^H 

and  size  of  body.  1B9 

Corpus  callosiim,  594.  609                                ^^^| 

Cardiac  tmpul&e.  64 

sound  iCbauveau  and  Marey's),  67 

Cortex  of  brain,  functions  of,  654                     ^^^H 

motor  nrens  of.  657,  681                       ^^^H 
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sensory  areas  of.  65t                           ^^^H 
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fibres  of,  594 

Crura  cerebri.  600,  608                                     ^^^B 
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vaso-motor,  135.  136 

043                                                        ^^M 

heat-.  443 

heart,                                                  ^^^H 
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functions  of,  642 
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ni«pmton  in  rye,  705 

by  a  pn»ni.  687 
Diureucs.  354 

Double  coouuctJon  |o  nerve,  509 
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Fibrinogen,  ay 
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KiUei.  603 
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Forced  movements,  649 
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Galvani'i  experiments.  555.  ftTT 
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Ualvanoiropiim.  BM 
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Gastric  juice,  to  obtain,  830 
Gelatin  as  n  protvld-sparin;;  food,  398 
Geminal  fibres  of  cord,  606 
Gianuxii,  cirsccnis  ol,  27a 
GUndular  currents,  573 
Globulins,  mictions  of,  503,  14 
GIoiM)-phar>-ngeal  nerve,  637 
Glycosen,  disappeanmcein  f-uting,  383 

formation  of.  381 

in  liver  cells,  383 

in  musclM,  383 

in  placenta,  3S3 

used  up  in  muscular  contmction,  51a 

tised  up  in  strychnia  poisoning,  384 

preparation  of,  403 
GlytKxurin.  atitncnt.try,  384,  iOO 
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column 
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■  derivatives  of.  36-38.  «-01 

spectrum  of,  35.  49 
estimation  of,  SI 
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Hewing.  750 
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action  of  vnlvcs  of.  UA 
beat,  i-oltintary  acceleration  of.  133 
^^^^H  fibrillar  contraction  of,  103 
^^^^b  {P^"8''on  cells  of.  108 
^^^^V  tin  pulse  of,  64 
^^^^^  muminalian.  nction  uf.  100 
^^M  muscle.  s6.  11 1 
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^^^^H  neiTAtive  variation  of,  571,  OM 
^^^^H  of  frog,  anatomy  of,  143 
^^^^M  output  of.  lu6 
^^F  sounds.  62-64 

^m  tndngs,  143.  140,  104 

work  of,  106 
Heat-centres.  443 
Heat,  distribution  of.  447 

equivalent  of  food  substances.  436, 

439 

even  off  in  respiration.  406 
^    n  from  body.  433-435 
byevaporatioa,  434 
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voluntary  regulation  of.  435 
production  in  brain,  433 
In  embryo.  784 
in  fever.  4  J3.  445 
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involuntary  regulation  of,  437. 
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Hippuric  acid,  333,  360.  380 
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Hydrocele  fluid,  coagulation  of,  39 
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Hydrolytic  fermcnu,  347 
Hypcrmetroplii,  708 
Hyperpnnsa,  178 
Hypnoiis,  675 
Hypoblast.  777 
Hypoglossal  nerve,  639 
Hypoxanihln,  334 
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Induction  machine,  469 

arranged  for  single  shocks,  039 
tetanus.  14B 
lohibitfon  of  heart.  113,  lao 

reflex,   132 

Inogen.  907 
InspiraliOQ,  165 

muscles  of  forced,  167 
Intcmni  capsule,  600,  607,  608 
Intern,il  secretion.    Sa  .Seereiion 
tniesdncs.  bacteria  in,  307 

movements  of,  343 

nerves  of,  343 
Intestinal  contents,  reaction  of,  307 
Intra-thorncic  preuure.  174 
I ntTK- vascular  cosigulatioo,  31,  4IT 
Invert  ID.  370 
Iris,  centre  for  movements  of,  700 

functions  of,  704 

nerves  of,  701 
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on,  703,  773 
Iron  In  liver,  938 
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Kidney,  bloodvessels  of,  ^41 

tubules  of,  341 

nerves  of,  351,  352 
Kjeldahl's  method  for  lotAl.  H.tAb 
Knec-j«V.,  fexi,  tji^ 
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stImulaiioD  of.  530,  641,  M2 

F^irtial  pressure,  191 

^H 

struciure  of,  518 

measttrement  of,  aoo 

^^      Nerves,  classficalion  of.  538 

of  air  of  alveoli.  191 

^^^1 

^L            of  hcori,  107-133 

of  blood  giues.  200 

^^^1 

^H            irophic.  536 

Pendulum  myograph,  4B8 

^^^1 

^H            vaso-dOaior,  139 

Pepsin.  354 

^^^1 

^H           vaso-motor,  133-140 

Peptones,  reactions  of,  IS.fSSS 

^^H 

^r     Nerve-cctb,  590 

Perimeter.  743 

^^^1 

'            Nerve-impulse,  519 

Perimetric  chart,  744 

^^H 

wtocity  of,  530-532.  M9 

Peristaltic  contraction,  243 

^^^1 

Neural  axis,  primilivc,  593 

Phngocytosis,  43 

^^^1 

Neuroglia.  591 

Nicotine,  rmct  of,  on  aervc-oetU,  389 

l^okoscope,  697,  769 

^^^1 

riicnyl-hydrazme  test  for  sugar,  870 

^^^1 

effect  of.  on  nerve-cells  of  heart.  115 

Phrenic  nuclei,  cotmrctions  of.  176 

^^^ 

Nitrogen,  total  (KjcldAhl's  method),  S65, 

I'igmrntrd  epithelium  of  retina,  693,  729                  | 

•60 

Pineal  body,  6>4i 

^^M 

Nitrogenous  equitibrium,  393-403 

Pitch.  331 

^^^M 

Nitrogenous  metaboHwn,  373-381 
experlm<Tn(s  on,  Ml 

appreciation  of,  757 

^^^M 

Pithing  a  frog,  14S 

^^^H 

Pick    and    WisliceniJ-i'    experi- 

Idiot's tubes,  93 

^^^M 

ment  on.  401 

Pituitary  body,  64a 

^^^M 

iaflurncc    of     UtX    and    carbo- 

internal secretion  of,  417 

^^^B 

hydrates  on,  398 

Plasma,  53 

^^^1 

muicuUir  work  on,  400 

cell-free.  32.  iS 

^^^H 

1                            laws  of,  399,  400 

Plasmine  of  E>cnis,  37 

^^^1 

1                             t'flUger^i  experiments  on.  402 

Plethysmograph,  96,  189 

^^^m 

Nuclei  gracilis  ct  cuncalus,  $99,  603 

Pneumonia  autvxl  by  section  of  vagi. 

l82,         ■ 1 

\ucleo-altiuniiD  and  co*gubttion.  31 

SI3 

Polar  bodies.  776 

J 

(Edema,  14a 

Pobrtiation  of  light,  465 

t£sophagus.  contraction  of.  040 

of  muscle  and  nerve.  56557® 

^^^M 

Ohm,  4&i 

'  positive,"  566,  684 

•^^^M 

Ohm's  law,  463 

Pons,  600.  609 

^^^^M 

Olfectory  nerve.  634 

Posterior  horn,  cells  or,  506 

^^^B 

Olive,  599 

longitudinal  bundle,  003 

1 

On  com  tier.  330 

roots,  effect  of  seci>on  of,  on  move>              V| 

Opacities  in  the  eye,  723 

mcnts,  607,  608,  679 

J 

Ophthalmoscope.  710 
(direct  method).  711 

Postero  -  external    and  ^pouero  •  median               ■ 
columns,  596,  597,  600                                          | 

lindtrecl  method),  713 

testing  error*  of  refraction  by,  712 

Potential.  463 

1 

Pre«istcnce  theory  of  muscle  currents.               J 

Optic  nrrvc,  634 

561 

^^^1 

thiiUinii.  609.  640 

Presbyopja.  709 

^^^H 

Optimum  temperature,  936 

I^csstire.  endocnrdiac,  66  68 

^^^H 

OptogtHms,  738 

intra  ■thoracic.  174 

^^^H 

Output  of  hrnrt.  106 

r>^utive,  in  ventricle.  69 

^^^1 

Ovum,  development  of.  776 

respiratory,  174. 

^^^1 

Oxalnics  .ind  coagulAiJon .  30.  4T 

sensations,  764 

^^^H 

Oxidaiion.  s^nis  of,  203 

PHmary  colour*,  737 

^^^1 

Oxygen  deficit.  405 

position  of  eyes.  747 

^^^H 

in  blood.  196.  197 

Projection  of  image  into  space,  714 

^^^1 

consumed    m   muscular  contraction, 

Pronucleus,  777 

^^^H 

5«o 

Proieids,  gem^ial  reactions  of,  IS 
in  nnnc.  S68.  389 

■ 

Pacinian  corpuscles.  76S 

metAbolism  of,  373-381 

^    ^M 

VnxTi,  767 

living  and  dead,  373 

>    ^M 

I'ancreiu,  changes  in.  during  secretion, 

Pseudo-refle\e5.  624 

273 

Ptynlin,  349,  323 

^^^M 

influence  of  nerves  on,  997 

PiUsp,  the,  69 

^^^1 

Pancreatic  juice,  nrtiBcial,  S26 

anacrotic,  75 

^^^1 

composition  of.  358 

dicrotic  w»ve  of,  73,  74 

^^^M 

ferments  of.  359,  336,  337 

frequency  of.  75 

^^^H 

curves  of  sccictlon  of,  398 

force  of,  77 

^^^H 

to  oblAin  normal,  S3T 

tmciaf^s,  71.  72 

^^^H 

in  eroulsificaiion.  267.  38T 

Vu\«-v«tt'se,ve\rK\\t  ^-TI 

^^^^M 

pMndoxicat  contmction.  570,  081 

I    ?up\\.  \Ta«l\VV.v.\KtV*«\.T»       . 

^^^^H 

1         Ptmiytie  secnefton,  394,  3^,  301 

\           c\aivvimAviAt\%.»coaTO\wa««««^-»^^™ 

^^pm^^v                             ^H 

^^H          Pupil, dilaution  of  by  s>*nipatlwtii:,  TT8 

Rigor  mortis.  513                                          '^^^B 

^^H                   ioflnoncc  of  drugs  on,  703 

analogies    to  muscular  oontnctloo,       ^ 

^^H                       lt>:lit  un.  700 

influence  of  tewprraturcon,  515               ■ 

^^H          PitrkiDJeS  ligurc,  724,  TT8 

^^H            Putkin)p -Sanson  iiiiagu,  697 

time  ol  onset  of.  516                                     H 

^^H           ryroinidal  tracts,  59B 

removability  of.  517                            ^^H 

^^H                           connrctiuit  with  cells  of  anterior 

hewt-.  0B1                                           ^^H 

^^H                            horn,  6014 

cflect  of  on  CO^  prodttcUon,  307        ^^^| 

^^H                         c[«cu»*iitiaa  of.  605 

Hitler's  tetaous,  567.  083                          ^^^B 

Rnds  and  cones,  lunciiun  of,  ;»6              ^^^B 

^^H           Redciion  time,  673 

Rolando,  fusuie  of,  66x                            ^^V 

^^H            Kri!urrent  fcnsibillty.  &15 

Roots  of  spitkil  DcrTcs,  fuDcOoas  of,  613,       B 

^^H            Kedncnl  rye.  695 

e79                                    B 

^^H            Rl-IUx  action,  623.  680 

section  and  stimuUtlon  of.  8T9           B 

^^M                         iiTifttomical  basis  of,  635 

posieiior,  eRccl  of  dnisioo  of,  6*3,        B 

^^B                  arc,  613 

879                                                               B 

^^H                    centres  iQ  cord,  624 

H 

^^H           Heflexes.  633 

Saliva,  048                                                ^^J 

^^H                    inliibiiioti  of,  633.  6B0 

;imylolytlc  action  of,  333                  ^^^H 

^^H                    from  spin.il  ixnA  sympathetic  ganglia. 

reactions  of,  332                                 ^^^^^ 

^H 

reflex  secretion  of.  394                      ^^^H 

^^H           ReHex  time,  esiimntlon  of,  623,  6M 

Salivary  nerve-tibcc^,  386,  393                   ^^^H 

^^1           Refraction.  6S6,  687 

glands,  blood  flow  m.  aW                 ^^^H 

^^H                  In  the  eye.  693 

Salts,  in  mrtAbolIsm,  406                         ^^^H 

^^H            Refractive  index,  687 

in  food,  406,  410,  413                            ^^^^| 

^^H                         of  media  ol  eye,  694 

Salt-hunget,  406                                          ^^^B 

^^H            RirgeDerfitlon  of  nvrvc,  534 

SarcolttcLic  acid,  510.  BB3                          ^^^^| 

^^H                         tissues.  774 

in  ngor  mor\i&,  514                    ^^^H 

^^H            Rcnnin,  3M<  'S^.  325 

Scheiner's  experiment,  tcVj,  709               ^^^B 

^^H            Ke-rrve  nir,  173 

Saalh:  nerve,  to  >:\fi04r,  15S                      ^^^^| 

^^H            Rp&idual  ntr,  172 

Secondary  contraciiun.  570.  S7B               ^^^^| 

^^B           Resistance,  elecirical.  463 

with  hean.  163                                    ■ 

^^^1                               nie.tsnrrincnt  ol,  464 

Secretion,  internal.  414-417                               fl 

^^H                               464 

of  liver,  kidney  nnd    ^n>      B 

^^H                    thcrtnonicter,  420,  505 

creas.  415                                  B 
pituitary  rwdy.  417               ^^B 

^^H           Rc^pimiioii.  apparatus,  18a 

^^H                    chemistry  of,  tSj^aoS 

stiprHrroali.  4I6.  OM            ^^^B 

^^H                    culAn(-ou&,  317 

thyroid,  4^^.  *^                   ^^H 

^^B                  exiernni  And  internal,  x6o 

paralyiic,  294                                     ^^^B 

^^H                    frcqueucy  of,  169 
^^H                    nerves  of,  176.  230-333 

Sclf-digrstkoa  of  stomach,  383                ^^^H 

Semic)rcu)»r  canals,  645,  '^^                    ^^^H 

^^B                    types  of.  17a,  171 

^^B                   cflect  of  oimncous  stimulation  on, 

Sea  MS.  ihe.  6Sa                                       ^^^1 

.Sensory  arca^,  661                                   ^^^B 

^H                              '^■' 

paths  to  bmin,  C06                           ^^^H 

^^H                           secbun  of  va);i  on.  177,  333 

Sensori-moior  functiona  of  motor  cortcr,      V 

^^H                                 '  higl^er  paths '  on,  177 

668                                                                       B 

^^^B                          stimiilntiun  of  sagus  on,  Ul 

Serous  glands,  248                                   ^^^B 

^^^B                                  suprriur  liiiynscal  on,  333 

Scrum,  33                                                ^^H 

^^H                                   penpheml  ntTvcs  on.  338 

albumin,  34,  47                                 ^^^H 

^^B                   influence  of,  im  blood-prcaMire,  208* 

globulin,  37,  34,  46                           ^^^H 
prolcids,  3^,  47                                 ^^^H 

^H                       ai6.  IM 

^^B                          on  capacity  of  pulmoiury  vessels. 

Sixth  nerve.  636                                       ^^^B 

^^B                             aia 

Skate,  electriail  otgAn  of.  577                ^^H 

^^H                 of  muscle,  oo.\aoS 

SIcatol,  a6a                                                    ^^^H 

^^^M          RfSpiralury  Huioinwttsm,  631 

Skin,  impulses  from,  ineqQi1)bntioa,645l^^H 

^^B                  cetiirc,  175.  179 

^47                                                         fl 

^^B                    '  dead  space.'  173 

currents,  574                                              ■ 

^^B                    nioveuients,  regtstrotloa  of.  168,  I78, 

vamUliiug  oC,  ai?,  360                             fl 

^H                       3S0 

Sleep.  674                                                         fl 
Smell.  Tbo                                                       H 

^^H                  nerves,  176 

^^H                   i|uolivnt,  185.  407 

centre  for,  663                                           fl 
Specific  gin\ity  ofsolid  tiitsucs,  SftS         ^^fl 

^^H           Rrtina,  mmimnl  >iiiiiuhis  of,  73a 

^^H                   structure  of.  69a 

Spectroscope.  34,  49                                ^^^B 

^^H                  formation  of  fmAge  on,  TM 

Speech,  2a5-33e                                           ^^^fl 

^^"           Retinal  bloodvessels,  shadows  of,  794, 773 

Spermatozoa.  775                                    ^^^fl 

r.                        imnge,  size  of,  696 

SphygmoRrapblc  tradngs,  71.  U9          ^^H 

1                            Scnsibiliiv  for  coVmits,  7^1 

SpidercelU,  39a                                       ^^^B 

[                  Rht.*oconl,  4fyj 

\  ^ti^wiNr^iiacsaBary  nerve,  Dgg                     ^^^B 

/.\7V..V. 


>pin<il  Lord,  dncitQiiiy  of,  594 

ascending  tracts  of,  597 
cooductioD  of  impulses  by,  613 
currents  of,"  572,  587 
descending  tracts  of,  598 
functions  of,  613-633 
hemisection  of,  8T8 
complete  section  of,  610 
Spirometer,  171 
Splanchnic  nerves,  128,  354 
Spleen  and  blood-fornuuion,  33 
blood-destruction,  24 
Spring  tnyc^raph,  487,  M7 
'Staircase,'  494 
StamrArinv,  330 
Standing,  652 

Stannius'  experiment,  no,  149 
Stapedius,  752 
Stapes,  751 
Starvation,  394 

excretion  of  urea  in,  395 
Steapsin,  359,  362,  S9T 
Stereoscope,  731 
Stereoscopic  vision.  730 
Scilling's  sacral  and  cervical  nuclei,  596 
Stimulanu,  413 

Stimuli,  summation  of,  498,  648 
StcMnacb,  excision  of,  308 
movemenis  of,  242 
nerves  of,  243 
StFOmuhr,  93 
Strychnia  tetanus,  504,  680 
Succus  entericus,  269 
Sugar  in  blood,  381 

excretiOD  of,  by  kidneys,  344,  4M 
fate  (rf,  in  organism,  384,  386 
and  muscular  contraction,  385 
in  urine,  339 
tetis  for,  w3,  STO 
Sulphoc^nide  of  potassium,  349,  332 
Summation  of  stimuli,  498,  648 
SupericH*  lanmgeal  nerve  and  respiration, 

178,  ns 

Superposition  of  contractions,  498,  048 
Supplemental  air,  273 
Saprarenal  capsules,  secretion  of,    416, 
864 
extract,  action  of,  on  blood-pressure 
and  vagus-centre.  664 
Sutures,  166 
Sweat.  357 

nerves,  358 
centres,  359 
Swim-bladder,  gases  of,  aoa 
^rmpathetic.  action  of,  on  heart  in  frog, 
117.  140 
cervical,  vaao-motorfibresin,  127, 166 
dissection  of,  in  frog,  147 

dog,  168 
fibres  for  salivary  glands,  390 
pupillo-dilator  fibres  of,  773 
Systole  of  heart,  60-63. 160 

Tactile  impressions,  path  of,  in  curd,  b^i 

seiuatKm,  centre  for,  664 
Talbot's  law,  733,  778 
TarUr,  049 
Taste.  760 


i'^iurocliolic  acid,  265 
Teeth,  238 

Tegmental  aflferent  path,  606 
Tegmentum,  600 
Temperature,  of  blood,  448 
skin,  449 

in  cavities  of  heart,  448 
daily  curve  of,  451 
measurement  of,  418 
post-mortem  rise  of,  453 
regulation  of.  434 
sensations,  764 
variations  in,  451 
'Tendon-reflex,'  635 
Tensor  tympani,  function  of,  756 
Tetanus,  499 

composition  of,  649 

frequency  of   stimulation    necessary 

for.  500 
Ritier's,  567 
■[  herniometers.  419 
Thermopile,  505.  506 
Thermotaxis.  434 
Third  nerve,  635 
Thiry's  fistula,  369 
Thoracic  duct,  141 
Thyroid,  effects  of  excision  of,  416 
Thyroidectomy,  operation  of,  460 . 

with  thyroid  feeding.  461 
Tidal  air,  173 
Timbre,  33a 
Time-markers,  144,  473 
Tissue-fibrinogen.  31,  47 
Tone,  muscular,  639 

trophic.  630 
Torpedo,  576 
Torricelli's  theorem,  57 
Touch,  acuity  of,  763,  773 
Trachea,  to  put  a  cannuU  in,  161 
Tracts  in  cord,  597 
Transfusion,  138 

Traube-Hering  curves,  136,  309,  ^13 
Trigeminus  nerve,  635 
Triple  phosphate,  333 
Tristearin,  11 

Trochlear,  or  fourth  nerve,  635 
Trommer's  test  for  reducing  sujjar,  333 
Trophic  nerves,  536 

tone,  630 
Trypsin,  259 

Tryptic  digestion,  259-261,  336 
Tympanic  membrane,  751 
Tympanum,  751 
Tyrosin,  259,  339,  336 

Unpolarizable  electrodes,  471,  679 
'-''rea,  333,  363-366 

formation  of,  374-379 

in  liver.  376 
variation    with    amount    ol    pruteid 
food,  396.  460 
Uric  acid,  333,  366 

formation  of,  377.  3S0 
Urine,  acidity  of,  333,  361 
acid  fermentation  of,  333 
alkaline  tMmeiAs\\o\\,  oX,  ^j;*, 
aTOTt\a,x\c  \»d\«&  \ft ,  "i-ifi 
ch\ot\4eam,  ■y^t.^WV 


^^H 

* 

m[^^^^^^^H 

■ 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

^^^^^^1 

^.' 

^^^H 

796                                                fNDEX, 

^^^^^^^H 

L'hti'C,  composition  of»  331 

VWH 

^^^^^^^^^^^^^^^^^^H 

jnconfincoce  of,  3,56 

1 

^^^^^^^^^^^^^^^1 

(idoxyl  in.  336,  •» 

1 

^^^^^^^^^^^^^^^1 

pn  di»r4se.  y^j^ 

1 

^^^^^^^^^^^^^^^^^^H 

kti^Atlnin  in.  334„  MT 

1 

^^^^^^^^^^^^^^^H 

1 

I'uciil  ftrtd  lyrositi  in,  jjci 

\ 

^^^^^^^^^^^^^^^^^1 

.  J 

piienol  in,  y^a 

Veb 

^^^^^^^^^^^^^^^1 

^ 

pliiDspHoni:  acid  in,  33s-  3^3 

1 

^^^^^^^^^^^^^^^^^1 

-■ 

(n^iiieDts  of,  334 

^ 

^^^^^^^^^^^^^^^^^1 

•■ 

I^DiPtdB  in.  340.  MS,  369 

V«Ui 

^^^^^^^^^^^^^^^1 

■ 

•                              sL-gretoty  pfeisur*  or<  349 

Vda 

^^^^^^^^^^^^^^^H 

^rditnent^  of,  333 

V*n| 

^^^^^^^^^^^^^^^H 

^                          sugar  in,  339.  3T0,  3fl6 

Vcni 

^^^^^^^^^^^^^^^^^1 

V(IH. 

^^^^^^^^^^^^^^^1 

siilphtirin:  ncid  in,  y^,  363 

Viri« 

^^^^^^^^^^^^^^^H 

1 

[.jiftl  niirogen  in.  300 

1 

^^^^^^^^^^^^^^^^^1 

uii^iln,  333.  ara-ua 

i 

^^^^^^^^^^^^^^^1 

1 

wCfttion  01.  340-355 

acuoQ  Qiglotncnilii  in,  34B 

VLwu 

^^^^^^^^^^^^^^^H 

1 

^^^^^^^^^^^^^^^H 

actiun  of  '  rodded  '  epilhelium 

J 

^^^^^^^H 

Adami's  etp^nmcDts  on,  347 

ViJ 

^^^^^^^^^^1 

i^BI 

Heidcnhaia'^     experiincDta     on, 

34* 
NusbAUm's  eirperiinijats  on,  345 

VqId 

Volt. 

^^^^^^^^^^1 

w 

^^^^^^^^^^^^^^^1 

VI 

joflyenci;  ol  oeryesof*,  3^5,0.  351, 

Void 

^^^^^^^^^^^^^^^^^1 

■1 

354 

Vow 

^^^^H 

■' 

L  rgbitin,  3^4 

V'jyo-svnjpilli.'iiii.'  in   Ircj;.   lu,  147,  IM, 

! 

^^^^^^^^^^^^^^^1 

iu 

WIjc 

^^^^^^^^^^^^^^^1 

in  (Jo^,   1  ig,  163 

Wh. 

^^^^^^^^^^^^^^^^^1 

Vflgiii.    ri^Hiition    uf.   In   iTL'Spir.iuan.   17b, 

Willi 

^^^^^^^^^^^^^^^1 

33Z 

Wori 

^^^^^^^^^^^^^^^H 

ct:ti[n-,    I'litvi  rjf  stjprAteiiil   csirftCI 

( 

^^^^^^^^^^^^^^^^^1 

un,  AM 

^^^^^^^^^^^^^^^H 

1                                Vitlsalva's  cxjR'ntticnl,  315 

X„mi 

^^^^^^^^^^^^^^^1 

\'.ik'e5  of  liL-ari.  .iclior.  of,  61,  153 

XaiU 

^^^^^^^^^^^^^^^^^^H 

VLimishinfl  skrri.  _\t<ii 

^^^^^^^^^^^^^^^1 

Vdio-diUtur  nrrvi--,,  iji, 

VHlo 

^^^^^^^^^^^^^^1 

thurdiH  Ivnipaiii,  125 

S'olk- 

^^^^^^^^^^^^^^^^^1 

1                                                 iiervi  triyi  niOS,  130 

Vuun 

^^^^^^^^^^^^^^^1 

V,iso.-inotiir  L'L'rMrf,  13^ 

73? 

^^^^^^^^^^^^^^^^^^H 

Vaao-iiiotur  rltvl's,  ui  140 

^H 

♦i 

,                                     iXTviiMl  .sy(np:uliL-iiL-,  137 

1 

/>nlL 

1 

Hit,    LND, 

^^^^^v 

^ 

^k                                                                                                              UtXiiltirt^      ri'ni'lUfe*    CP-T^KiRT 

tdLii..  \i 

